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J.  S.  Newberry,  of  Cleveland, 
L.  H.  Morgan,  of  Rochester, 
CuAS.  Whittlesey,  of  Cleveland, 
W.  H.  Brewer,  of  New  Haven,  . 


£.  W.  Hilgard,  of  Berkeley. 


b.  new  committees. 


1,    Committee  to  act  with  the  Standing  Committee  in  Nomination  of 

Officers  for  the  Meeting  of  1876. 


SSCTION  A. 
G.  W.  Hough,  of  Albany, 
H.  T.  Eddy,  of  Cincionatit 
H.  C.  Bolton,  of  New  York, 
J.  N.  Stockwell,  of  Cleaveland. 


SECTION   B. 

A.  R.  Grote,  of  Buffalo, 
A.-H.  Tuttle,  of  Cblumbns, 
E.  D.  Cope,  of  Philadelphia, 
L.  H.  Morgan,  of  Rochester. 


2.     Committee  to  Audit  the  Accounts  of  the  Permanent  Secretary  and 

Treasurer, 


Henry  Wheatlani>,  of  Salem, 
(xil) 


8.  H.  ScuDDER,  of  Cambridge, 


OFFICERS  OF  THE  ASSOCIATION 

ELECTED  FOR 

THE  BUFFALO   MEETING. 


rn 


TTLESn>JSSNT. 

William   B.  Rogers,  of  Boston. 

VTOE  FBESEDEHT.  Section  A. 
Charles   A.  Young,  of  Hanover. 

VICE  FKBSIDEirr,  Beotion  B. 
Edward  S.  Morse,  of  Salem. 

FEBMANEITT  SE0BETAB7. 
Frederick  W.  Putnam,  of  Salem. 

aSNEBAIf  SECBETAB7. 

Thomas   C.  Mendenhall,  of  Colambns. 

GHAIBMACr  OF  FETIMATTENT  STTBSECTION  OF  0HEMI8TBY. 
George  F.  Barker,  of  Philadelphia. 

CHATHMAN  OF  FEBSIANENT  SUBSEOTIOIT  OF  AKTHBOFOLOGT. 

Lewis  H.  Morgan,  of  Rochester. 

8ECBETABT  of  Section  A. 
Arthur   W.  Wright,  of  New  Haven. 

SEOBETABT  of  Section  B. 
Albert  H.  Tuttlb,  of  Columbus. 

TBEABUBEH. 

Thomas  T.  BouvA,  of  Boston. 

STANDING  COMMITTEE. 
Past  Presidents, — Joseph  Henry,  of  Washington ;  Benjamin  Peircb,  of 
Cambridge;  James  D.  Dana,  of  New  Haven;  James  Hall,  of  Albany; 
Alexis  Caswiell,  of  Providence;  Stephen  Alexander,  of  Princeton; 
Isaac  Lea,  of  Philadelphia;  F.  A.  P.  Barnard,  of  New  York;  J.  S. 
Newqerry,  of  New  York;  B.  A.  Gould,  of  Boston ;.T.  Sterry  Hunt, 
of  Boston ;  Asa  Gray,  of  Cambridge ;  J.  Lawrence  Smith,  of  Louisville ; 
Joseph  Lovering,  of  Cambridge ;  John  L.  LeConte,  of  Philadelphia. 

Officers  of  the  Preceding  Meeting. — J.  E.  Hilgard,  of  Washington ;  H.  A. 
Newton,  of  New  Haven ;  J.  W.  Dawson,  of  Montreal ;  S.  H.  Scuddbr, 
of  Cambridge ;  S.  P.  Langley,  of  Allegheny ;  W.  S.  Vaux,  of  Philadel- 
phia. 

The  Presidentt  Vice  Presidents,  Secretaries  and  Treasurer  of  the  Meeting. 

From  the  Association  at  large, — Six  Fellows  to  be  elected  on  the  first 
day  of  the  meeting. 

(xlii) 


1.00X1.      COMMITTEE 


FOB 


THE  BUFFALO   MEETINa. 


Chairman :— Hon.  George  W.  Clinton,  LL.  D. 

Secretary: — John  George  Milburn. 

Treasurer : —  George  P.  Putnam. 

SUBCOMMITTKKS. 

On  deception  and  Accommodation, 
Hon.  Sherman  S.  Rogers,  Chairman. 

On  Finance. 

George  P.  Putnam,  Chairman. 

JosiAH  Letciiwortu. 

On  Excursions. 
Capt.  E.  P.  Dorr,*  Chairman. 

On  Hailroads. 
Cyrus  Clarke,  Chairman. 
W.  H.  Glenny,  Jr.  H.  L.  Lyman. 

Members  of  the  Committee  at  large. 

Hon.  Philip  Becker,  Mayor  of  the  City  of  Buffalo, 
Hon.  A.  S.  Bemis,  President  of  the  Common  Council  of  the  City  of  Buffalo. 

E.  C.  Spragne,  John  B.  Greene,  E.  S.  Hawley,  O.  H.  Marshall,  Hon.  E. 
G.   Spauldin*^,  Prof.   George  Hadley,  M.D.,  Joseph  Warren,  James  N. 
Mathews,  David  Gray,  James  O.   Putnam,  Rev.  A.  T.   Chester,  D.D., 
Dennis  Bowen,  Wm.  H.   Greene,  Hon.  James  M.  Smith,  Hon.  James 
Sheldon,  Wm.  C.  Bryant,  F.  Sid  way,  Dr.  George  Hayes,  Henry  Chandler, 
Henry  S.  Sprague,  J.  N.  Larned,  Augustus  R.  Grote,  Leon  F.  Harvey, 
M.D.,  Fi'ank  Holllster,  David  F.  Day,  William  Thurston,  H.  M.  Kent,. 
Dexter  P.  Rnmsey,  Bronson  C.  Rifmsey,  S.  S.  Guthrie,  George  Howard, 
S.  K.  Worthington,  A.  Altman,  Walter  T.  Wilson,  Cyrus  P.  Lee,  William 
H.  Pitt,  H.  M.  Clay, 
(xiv) 
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B. 


COMMONWEAITH  OF  MASSACHUSEnS. 


IN  THB  MAR  OBE  THOUSAND  EIGHT  HDNDBED  ASD  SEVEXTI-FOnB. 


AN  ACT 

To  Incorpobate  the  "  American  Associatiok  for  the 
Advancement  of  Science." 
Be  it  enaaed  by  the  Senate  and  Binue  of  Eepretenlatiiiea,  fa  GtHtral  Court 
attembUd,  and  by  Ike  iiuthortlg  of  the  same,  atfoUovis : 
-Section  1.  Jos^pti  Henrj  or  Washington,  Beajamtn  Pierce  of  Cam- 
ibridge,  James  D.  Dana  of  Keir  Haven,  James  Hall  of  Albany,  Alexis 
■Casnell  of  ProvldeDce,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
rbiladelphla,  P.  A.  P.  Barnard  of  New  York,  John  S.  Kewberry  of  Clcve- 
iand,  B.  A.Oould  of  Cambridge,  T.  Sterry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smltb  of  L«iiisTille,  Joseph  Loverlng  of  Cam- 
bridge and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
And  members  of  the  Association,  known  as  the  "  American  Association 
ibr  the  Advancement  of  Science,"  and  their  successors,  are  liereby  made 
A  corporation  by  ttie  name  of  the  "  American  Association  for  the 
AdvBDcemenC  of  Science,"  for  the  purpose  of  receiving,  purchasing, 
holding  and  conveying  real  and  personal  property,  which  It  non  Is,  or 
liereafter  may  be  possessed  of,  with  all  the  powers  and  privileges,  and 
BQbJect  to  Ihe  restrictions,  duties  and  llalillltles  set  forth  in  the  general 
laws  which.now  or  hereafter  may  be  In  force  and  applicable  to  Hnch  cor- 
porations. 

Section  2.  Said  corporation  may  liave  and  hold  by  purchase,  grant, 
gift,  or  otherwise,  real  estat«  not  exceeding  one  hundred  thousand 
dollars  In  value,  and  personal  estate  of  the  value  of  two  hundred  and 
dfty  thousand  dollars. 

Section  3.    Any  two  of  the  corporators  above  named  .ftre  hereby 
anthorized  to  call  the  first  meeting  of  the  said  corporation  In  the  month 
of  Angustnext  ensuing,  by  notice  thereof  "by  mall,"  to  each  jnember  of 
the  said  Association. 
Section  i.    This  act  shall  take  efl^ct  «pon  Its  passage. 

HoDSE  OF  RBrRBSENTATivBs,  March  10,  18T1. 
Passed  to  be  enacted, 

John  E.  Sanforo,  Sptaltx, 
In  Srnatb,  March  17,  ISTt. 

Passed  to  be  enacted,  •      >[arch  19,  1674. 

Geo.  B.  Louino,  Preiidenf.  Approved, 

W.  B.  Wasbbubh. 
SacRBTARv's  Department, 

Boston,  April  8,   1874. 

A  true  copy,  Attest: 

David  Fui.sipkr, 
Deputy  Secretary  «f  the  Commonwealtli. 
(zvlll) 


CONSTITUTION 


OF  THB 


AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT 

OF  SCIENCE. 

Incorporated  by  Act  of  the  General  Court  of  the  Commonwealth  of  IfaaBachosetts. 


Objhcts. 

Arttclb  1.  The  objects  .of  the  Association  are,  by  periodical  and  mi- 
gratory meetings,  to  promote  intercourse  between  those  who  are  culti- 
vating science  ia  different  parts  of  America,  to  give  a  stronger  and  more 
general  impalse  and  more  systematic  direction  to  scientific  research,  and 
to  procure  for  the  labors  of  scientific  men  Increased  facilities  and  a  wider 
nseftUness. 

Members,  Fellows,  Pathons  and  Honorabt  Fellows. 

Abt.  2,  The  Association  shall  consist  of  Members,  Fellows,  Patrons 
and  Honorary  Fellows. 

Art.  8.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  nomination  by 
the  Standing  Committee,  and  election  by  «  mi^oi^^y  o^  the  members  and 
fellows  present  in  general  session. 

Art.  4.  Fellows  shall  be  nominated  by  the  Standing  Committee  from 
such  of  the  members  as  are  professionally  engaged  in  science,  or  have  by 
their  labors  aided  In  advancing  science.  The  election  of  fellows  shall  be 
by  ballot  and  a  majority  vote  of  the  members  and  fellows  present  in  gen- 
eral session.  But  all  persons  who  may  be  members  at  the  time  of  the 
adoption  of  this  constitution  may  become  fellows  by  signifying  their 
desire  to  this  effect  before  the  first  day  of  August,  1875. 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one  thousand 
dollars  shall  be  classed  as  a  Patron,  and  shall  be,  entitled  to  all  the 
privileges  of  a  member  and  to  all  its  publications. 


XX  OOHSTITUTION 

Art.  6.  Honorarjr  Fellows  of  the  Association,  to  the  number  of  ten  fo^ 
each  section,  may  be  elected ;  the  nominations  to  be  made  by  the  Stand- 
ing Committee  and  approved  by  ballot  in  the  respective  sections  before 
election  by  ballot  in  general  session.  Honorai7  Fellows  shall  be  entitled 
to  all  the  privileges  of  fellows  and  shall  be  exempt  Arom  all  fees  and  as- 
sessments, and  entitled  to  all  publications  of  the  Association  issued  alter 
the  date  of  their  election. 

Art.  7.  The  name  of  any  member  or  fellow  two  years  in  arrears  for 
annaal  dues  shall  be  erased  Arom  the  list  of  the  Association,  provided  that 
two  notices  of  indebtedness,  at  an  interval  of  at  least  three  mouths,  shall 
have  been  given ;  and  no  such  person  shall  be  restored  until  he  has  paid 
his  arrearages  or  has  been  reelected.  * 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organization  or 
business  of  both  sections  at  the  same  meeting. 

Officers* 

Art.  9.  The  Officers  of  the  Association  shall  be  elected  by  ballot  In 
general  session  Arom  the  fellows  and  shall  consist  of  a  President,  two 
Vice  Presidents,  a  General  Secretary,  a  Permanent  Secretary,  a  Treas- 
urer, a  Secretary  of  Section  A,  and  a  Secretary  of  Section  B ;  these,  with 
the  exception  of  the  Permanent  Secretary,  shall  be  elected  at  each  meet- 
ing for  the  following  one^  and,  with  the  exception  of  ttie  Treasurer  and 
the  Permanent  Secretary,  shall  not  be  reSligible  for  the  next  two  meet- 
ings.   The  Permanent  Secretary  shall  be  elected  at  each  fifth  meeting. 

Art.  10.  The  President,  or,  in  his  absence,  one  of  the  Vice  Presidents, 
shall  preside  at  all  general  sessions  of  the  Association  and  at  all  meetings 
of  the  Standing  Committee.  It  shall  also  be  the  doty  of  the  President  to 
give  an  address  at  a  general  session  of  the  Association  at  the  meeting 
following  that  over  which  he  presided. 

Art.  11.  The  Vice  Presidents  shall  be  the  presiding  officers  of  Sections 
A  and  B,  and  of  the  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  give  an  address,  each  before  his  respective  section,  at  such  time 
as  the  section  shall  determine.  The  Vice  Presidents  may  request  their 
respective  sections  to  appoint  temporary  chairmen  to  preside  over  the 
sessions  of  the  sections,  but  shall  not  delegate  their  other  duties. 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  general 
sessions  of  the  Association,  and  of  all  sessions  of  the  Standing  Com- 
vuittee,  and  shall  keep  a  record  of  the  business  of  these  sessions.    He 
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shall  receive  the  records  fh>m  the  Secretaries  of  "the  Sections,  which, 
after  examination,  he  shall  transmit  with  his  own  records  to  the  Perma- 
nent Secretary  within  two  weeks  after  the  a^joomment  of  the  meeting. 
He  shall  receiye  proposals  for  membership  and  bring  them  before  the 
Standing  Committee.  He  shaU  give  to  the  Secretary  of  each  Section  the 
list  of  papers  assigned  to  it  by  the  Standing  €onmiittee. 

Abt.  13.  The  Permanent  Secretary  shall  be  the  ezecnti^e  officer  of  the 
Association  under  the  direction  of  the  Standing  Committee.  He  shall 
attend  to  all  business  not  specially  referred  to  committees  nor  otherwise 
constitntionally  provided  for.  He  shall  keep  an  account  of  all  business 
that  he  has  transacted  for  the  Association,  and  make  annually  at  the  first 
meeting  of  the  Standing  Committee,  a  report  which  shall  be  laid  before 
the  Association.  He  shall  attend  to  the  printing  and  distribution  of  the 
annual  volume  of  Proceedings,  and  all  other  printing  ordered  by  the  As- 
sociation. He  shall  issue  a  circular  of  information  to  members  and 
fellows  at  least  four  months  before  each  meeting,  and  shall,  in  connection 
with  the  Local  Committee,  make  all  necessary  arrangements  for  the 
meetings  of  the  Association.  He  shall  provide  the  Secretaries  of  the 
Association  with  such  books  and  stationery  as  may  be  required  for  their 
records  and  business,  and  shall  provide  members  and  fellows  with  such 
blank  forms  as  may  be  required  for  facilitating  the  business  of  the  Asso- 
ciation. He  shall  collect  all  assessments  and  admission  fees,  and  notify 
members  and  fellows  of  their  election,  and  of  any  arrearages.  He  shall 
receive,  and  bring  before  the  Standing  Committee,  the  titles  and  abstracts 
of  papers  proposed  to  be  read  befbre  the  Association.  He  shall  keep  an 
account  of  all  receipts  and  expenditures  of  the  Association,  and  report 
the  same  annually  at  the  first  meeting  of  the  Standing  Committee,  and, 
at  the  close  of  each  year,  shall  pay  over  to  the  Treasurer  such  unexpended 
fUnds  as  the  Standing  Committee  may  direct.  He  shall  receive  and  hold 
in  trust  for  the  Association  all  books,  pamphlets  and  manuscripts  be- 
longing to  the  Association,  and  allow  the  use  of  the  same  under  the  pro- 
visions of  the  Constitution  and  the  orders  of  the  Standing  Committee. 
He  shall  receive  all  communications  addressed  to  the  Association  during 
the  interval  between  meetings,  and  properly  attend  to  the  same.  He 
shall  at  each  meeting  report  the  names  of  fellows  and  members  who 
have  died  since  the  preceding  meeting.  He  shall  be  allowed  a  salary 
which  shall  be  determined  by  the  Standing  Committee,  and  may  employ  a 
clerk  at  such  compensation  as  may  be  agreed  upon  by  the  Standing  Com- 
mittee. 
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Art.  14.  The  Treasarer  shall  inrest  the  ftmda  received  by  him  in  Bnch 
securities  as  may  be  directed  by  the  Standing  Committee.  He  shall 
annoally  present  to  the  Standing  Committee  an  account  of  the  ftmds  in 
his  charge.  Ko  expenditare  of  the  principal  in  the  hands  of  the  Treas- 
urer shall  be  made  wlthoat  a  unanimous  vote  of  the  Standing  Committee, 
and  no  expenditure  of  the  income  received  by  the  Treasurer  shall  be 
made  without  a  two-thirds  vote  of  the  Standing  Committee. 

Art.  r5.  The  Secretaries  of  Sections  A  and  B  shall  keep  the  records 
of  their  respective  sections,  and,  at  the  close  of  the  meeting,  give  the 
same,  including  the  records  of  subsections,  to  the  General  Secretary. 
They  shall  also  be  the  secretaries  of  the  sectional  conmiittees. 

Abt.  16.  In  case  of  a  vacancy  in  the  office  of  the  President,  one  of  the 
Tice  Presidents  shall  be  elected  by  the  Standing  Committee  as  the  Presi- 
dent of  the  meeting.  Vacancies  in  the  offices  of  Ylce  President,  General 
Secretary,  Permanent  Secretary  and  Treasurer,  shall  be  filled  by  nomina- 
tion of  the  Standing  Committee  and  election  by  ballot  in  general  session. 
A  vacancy  in  the  office  of  Secretary  of  &  Section  shall  be  filled  by  nomi- 
nation and  election  by  ballot  in  the  section. 

Abt.  17.  The  Standing^  Committee  shall  consist  of  the  past  Presidents, 
the  President,  the  Vice  Presidents,  the-  four  Secretaries,  the  Treasurer, 
with  the  above  named  officers- of  the  preceding  meeting,  and  six  fellows 
elected  by  ballot  after  open  nomination  at  the  first  general  session.  The 
members  present  at  any  regularly  called  meeting  of  the  Committee,  pro- 
vided there  are  at  least  five,  shall  form  a  quorum  for  the  transaction  of 
business.  The  Standing  Committee  shall  meet  on  the  day  preceding 
each  annual  meeting  of  the  Association,  and  arrange  the  programme  for 
the  first  day  of  the  sessions.  The  time  and  place  of  this  first  meeting 
shall  be  designated  by  the  Permanent  Secretary.  Unless  otherwise  agreed 
upon,  regular  meetings  of  the  Committee  shall  be  held  in  the  com- 
mittee room  at  9  o'clock,  a.m.,  on  each  day  of  the  meeting  of  the  Asso- 
ciation. Special  meetings  of  the  Committee  may  be  called  at  any  time 
by  the  President.  The  Standing  Committee  shall  be  the  board  of  super- 
vision of  the  Association,  and  no  business  shall  be  transacted  by  the 
Association  that  has  not  first  been  referred  to^  or  originated  with,  the 
Committee.  The  special  business  of  the  Committee  shall  be :  to  receive 
and  assign  papers  to  the  respective  sections ;  to  examine  and,  if  neces- 
sary, to  exclude  papers ;  to  decide  which  papers,  discussions  and  other 
proceedings  shall  be  published,  and  to  have  the  general  direction  of 
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the  pablications  of  the  Association;  to  manage  the  financial  aflhirs  of  the 
Association;  to  arrange  the  business  and  programmes  for  general  ses- 
sions ;  to  appoint  general  sessions  for  the  evening ;  to  suggest  subjects 
for  discussion,  investigation  or  reports;  to  nominate  members  and 
fellows ;  to  receive  and  act  upon  all  invitations  extended  to  the  Associa- 
tion and  report  the  same  at  a  general  session  of  the  Association. 

Art.  18.  The  Nominating  Committee  shall  consist  of  the  Standing 
Committee,  and  four  members  or  fellows  elected  by  e^ch  of  the 
sections.  It  shall  be  the  duty  of  this  Committee  to  meet  at  the  call  of 
the  President  and  nominate  the  general  officers  for  the  following  meeting 
of  the  Association.  It  shall  also  be  the  duty  of  this  Committee  to  rec- 
ommend the  time  and  place  for  the  next  meeting.  The  Vice  Presidents 
and  Secretaries  of  the  Sections  shall  be  recommended  to  the  Nominating 
Committee  by  sub-committees  consisting  of  the  Vice  Presidents  and 
Secretaries,  and  the  four  persons  elected  by  each  section  under  the  first 
clause  of  this  article. 

Aht.  19.  The  Association  shall  hold  public  meetings  annually,  for  one 
week  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote  of 
the  Association,  and  the  preliminary  arrangements  for  each  meeting 
shall  be  made  by  the  Local  Committee,  fn  conjunction  with  the  Perma- 
nent Secretary  and  such  other  persons  as<  the  Standing  Committee  may 
designate. 

Art.  20.  General  Sessions  shall  be  held  at  tO  o'clock,  a.  m.,  unless 
otherwise  ordered,  on  every  day  of  the  meeting,  Sunday  excepted,  and 
at  such  other  times  as  may  be  appointed  by  the  Standing  Committee. 

Sections  akd  Subsections. 

Art.  21.  The  Association  shall  be  divided  into  two  Sections,  namely : 
A  (^MatTiematics,  Astronomy,  Physics,  Chemistry  and  Mineralogy)  and  B 
{Geology,  Zoology,  Botany  and  Anthropology).  Either  Section  may,  at 
its  pleasure,  form  temporary  or  permanent  subsections  for  the  reading  of 

papers. 

• 

Art.  22.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  fellows  elected  by  ballot  after  open  nomination,  who,  with  the 
Vice  President  and  Secretary,  and  the  Chairman  and  Secretary  of  the 
subsections,  shall  form  its  Sectional  Committee.    The  Sectional  Com- 
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mittees  shall  have  "power  to  All  vacanciea  in  their  own  nnmberi.    There 
shall  be  no  sectional  meeting  daring  a  general  session. 

Art.  28.  When  any  Subsection  organizes,  it  shall  elect  a  Chairman  and 
Secretary  and  report  the  result  to  the  Secretaiy  of  its  Section.  The  Sec- 
retary of  a  Subsection  shall,  at  the  close  of  the  meeting,  transmit  his 
records  to  the  Secretary  of  the  Section.  Any  Permanent  Subsection  nlay 
elect  its  Chairman  for  the  ensuing  meeting. 

Art.  24.  No  paper  shall  be  read  in  any  Section  or  Subsection  until  it  has 
been  placed  on  the  programme  of  the  day  by  the  Sectional  Committees. 

Sectional  Committess. 

Art.  25.  The  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  sections.  They  shall  prepare  the  daily  pro- 
grammes and  give  them  to  the  Permanent  Secretary  for  printing  at  the 
earliest  moment  practicable.  No  titles  of  papers  shall  be  entered  on  the 
daily  programmes  except  such  as  have  passed  the  Standing  Committee. 
No  change  shall  be  made  in  the  programme  for  the  day  without  the 
consent  of  the  Sectional  Committee.  The  Sectional  Committees  may  re- 
Itise  to  place  the  title  of  any  paper  on  the  programme ;  but  eyexy  such 
title,  with  the  abstract  of  the  paper  or  the  paper  Itself  must  be  returned 
to  the  Standing  Committee  with  the  reasons  why  it  was  reftised. 

Art.  26.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  .to  the  sections,  and  they  shall  not  place  on  the  pro- 
gramme any  paper  inconsistent  with  the  character  of  the  Association; 
and  to  this  end  they  have  power  to  call  for  any  paper,  the  character  of 
which  may  not  be  sufficiently  understood  Arom  the  abstract  submitted. 

Papers  and  Communications. 

Art.  27.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  as  early  as  possible,  and  when  practicable  before  the  conven- 
ing of  the  Association,  Aill  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature;  and  no  title  shall  be  referred  by  the 
Standing  Committee,  to  the  Sectional  Committee  until  an  abstract  of  the 
paper  or  the  paper  itself  has  been  received. 

Art.  28.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 
the  title  may  be  dropped  to  the  bottom  of  the  list. 
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Beforts  of  Meetinos.  * 

Art.  29.  Whenever  practicable,  the  proceedings  and  discussions  at 
general  sessions,  sections  and  subsections  shall  be  reported  by  profes- 
sional reporters,  but  such  reports  shall  not  appear  in  print  as  the  official 
reports  of  the  Association  unless  revised  by  the  secretaries. 

Printed  Proceedings. 

Art.  80.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  in  an  octavo  volume  as  soon  after  the  meeting  as  possible, 
beginning  one  month  after  adjournment.  Authors  must  prepare  their 
papers  ready  for  the  press  and  forward  them  to  the  Permanent  Secretary 
within  this  interval,  otherwise  only  the  abstracts  or  titles  will  appear  in 
the  printed  volumes.  The  Standing  Committee  shall  have  power  to  print 
an  abstract  only  of  any  paper.  Whenever  practicable,  proofs  shall  be 
forwarded  to  authors  for  revision.  If  any  additions  or  substantial  alter- 
ations are  made  by  the  author  of  a  paper  after  its  submission  to  the 
Secretary,  the  same  shall  be  distinctly  indicated.  Illnstrations  must  be 
provided  for  by  the  authors  of  the  papers,  or  by  a  special  appropriation 
AN>m  the  Standing  Committee.  Immediately  on  publication  of  the  volume, 
a  copy  shall  be  forwarded  to  every  member  and  fellow  of  the  Association 
who  shall  have  paid  the  assessment  for  the  meeting  to  which  it  relates, 
and  it  shall  also  be  offered  for  sale  by  the  Permanent  Secretary  at  such 
price  as  may  be  determined  by  the  Standing  Committee.  The  Standing 
Committee  shall  also  designate  the  institutions  to  which  copies  shall  be 
distributed. 

Local  Committee. 

Art.  81.  The  Local  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Association  and  residing  at  or  near  the  place  of  the 
proposed  meeting.  It  is  expected  that  the  Local  Committee,  assisted  by 
the  officers  of  the  Association,  will  make  all  essential  arrangements  for 
the  meeting,  and  issue  a  circular  giving  necessary  particulars,  at  least 
one  month  before  the  meeting. 

Library  of  the  Association. 

Art.  82.  All  books  and  pamphlets  received  by  the  Association  shall  be 
*ln  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
same  printed  and  shall  fbrnish  a  copy  to  any  member  or  fellow  on  appli- 
cation.   Members  and  fellows  who  have  paid  their  assessments  in  fUU 
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shall  be  ffllowed  to  caU  for  books  and  pamphlets,  which  shall  be  delivered 
to  them  at  their  expense,  on  their  giving  a  receipt  agreeing  to  make 
good  any  Toss  or  damage  and  to  retnm  the  same  free  of  expense  to  the 
Secretary  at  the  time  specified  in  the  receipt  given.  -  All  books  and  pam- 
phlets in  circulation  mnst  be  returned  at  each  meeting,  or  the  value  of 
any  not  so  returned  paid  to  the  Permanent  Secretary.  Not  more  than 
ten  books,  including  volumes,  parts  of  volumes,  and  pamphlets,  shall  be 
held  at  one  time  by  any  member  or  fellow.  Any  book  may  be  withheld 
fjrom  circulation  by  order  of  the  Standing  Committee. 

Admission  Feb  and  Assessbcbnts. 

Art.  83.  The  admission  fee  for  members  shall  be  five  dollars  in  addi- 
tion to  the  annual  assessment.  On  the  election  of  any  member  as  a 
fellow  an  additional  fee  of  two  dollars  shall  be  paid. 

Abt.  84.  The  annual  assessment  for  members  and  fellows  shall  be 
three  dollars. 

Art.  85.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  be  exempt  firom  all  ftirther 
assessments,  but  this  payment  shall  not  entitle  him  to  the  publications  of 
the  Association,  and  all  money  thus  received  shall  be  invested  as  a  per- 
manent ftind,  the  income  of  which  shall  be  used  only  to  assist  in  original 
research. 

Art.  S^  All  admission  fees  and  assessments  must  be  paid  to  the  Per- 
manent Secretary,  who  shall  give  proper  receipts  for  the  same. 

AOOOUNTS. 

Art.  87.  The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually,  by  two  auditors  appointed  by  the  Stand- 
ing Committee. 

AlTKRATIONS  of  THE  CONSTITXmON. 

Art.  88.  No  part  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence  of  three-fourths  of  the  members  and  fellows 
present  in  general  session,  after  notice  given  at  a  general  session  of  a 
preceding  meeting  of  the  Association. 
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ORGANIZING  A  MEETING. 


1.  The  retiring  President  Introduces  the  President  elect,  who  takes  the 

chair. 

2.  Formalities  of  welcome  of  the  Association  as  may  be  arranged  by 

the  Local  Committee. 
8.  Report  of  the  list  of  papers  on  the  register  and  their  reference  to 
the  Sections. 

4.  Other  reports. 

5.  Announcements  of  arrangements  by  the  Local  Committee. 

6.  Elections  to  complete  the  Standing  Committee. 

7.  Election  of  members. 

8.  Election  of  fellows. 

9.  Unenumerated  business. 

10.   Adjournment  to  meet  in  Sections. 

This  order,  so  far  as  applicable,  to  be  followed  in  subsequent  General 

Sessions. 
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The  ConstitaUon  requires  that  the  names  of  all  members  two  or  more  years  in  arrears 
shall  be  omitted  flrom  the  list,  but  their  names  will  be  restored  on  pafment  of  ar> 
rearages.   Members  not  in  arrears  are  entitled  to  the  annual  volume  of  Proceedings. 

'Persons  contributing  one  thousand  dollars  or  more  to  the  Association  are  classed 
as  Patrons,  are  exempt  from  the  annnal  assessments  and  are  entitled  to  the  annual 
volume. 

•Any  Member  or  Fellow  may  become  a  Lift  Member  by  the  payment  of  fifty  dollars. 
The  money  derived  Arom  Life  Memberships  is  Invested  as  a  fhnd,  the  income  of  which 
Is  to  be  used  only  to  aid  tn  original  research.  Lift  Members  are  exempt  fi*om  the 
annual  aasessment,and  an  additional  payment  of  ten  dollars  entities  a  Life  Member  to 
the  annual  volumes. 
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2  president's  address. 

labor,  by  alluding  to  scientific  work  which  has  been  accomplished 
since  our  last  meeting.  While  delicacy  forbids  me  from  so  doing, 
I  am  equally  debarred  fVom  repeating  to  you  the  brief  sketch  I 
endeavored  to  give  at  a  former  meeting  ^  of  the  history,  and  pres- 
ent condition  of  Entomology  in  the  United  States. 

But  it  has  appeared  to  me  that  a  few  thoughts,  which  have  im- 
pressed themselves  on  my  mind,  touching  the  future  results  to  be 
obtained  from  certain  classes  of  facts,  not  yet  fully  developed,  on 
account  of  the  great  labor  required  for  their  proper  comparison, 
may  not  be  without  value.  Even  if  the  facts  be  not  new  to  you,  I 
hope  to  be  able,  with  your  kind  attention,  to  present  them  in  such 
way  as  to  be  suggestive  of  the  work  yet  to  be  done. 

It  has  been  perhaps  said,  or  at  least  it  has  been  often  thought, 
that  the  first  mention  of  the  doctrine  of  evolution,  as  now  ad- 
mitted to  a  greater  or  less  degree  by  every  thinking  man,  is  found 
in  Ecclesiastes,  i,  9  : — 

^'  The  thing  that  hath  been  is  that  which  shall  be ;  and  that 
which  is  done  is  that  which  shall  be  done ;  and  there  is  no  new 
thing  under  the  sun.  Is  there  anything  whereof  it  may  be  said. 
See,  this  is  new?  It  hath  been. already  of  old  time,  which  was 
before  us." 

Other  references  to  evolutionary  views  in  one  form  or  another 
occur  in  the  writings  of  several  philosophers  of  classic  times,  as 
you  bave  had  recent  cause  to  remember. 

Whether  these  are  to  be  considered  as  an  expression  of  a  per- 
fect truth  in  the  very  imperfect  language  which  was  alone  intelligi- 
ble to  the  nation  to  whom  this  sacred  book  was  immediately  ad- 
dressed on  the  one  hand ;  and  the  happy  guesses  of  philosophers, 
who  by  deep  intuition  had  placed  themselves  in  close  sympathy 
with  the  material  universe,  on  the  other  hand,  I  shall  not  stop  to 
enquire.  The  discussion  would  be  profitless,  lor  modern  science 
in  no  way  depends  for  its  magnificent  triumphs  of  fact  and 
thought  upon  any  utterances  of  the  ancients.  It  is  the  creation 
of  patient  intelligent  labor  of  the  last  two  centuries,  and  its  re- 
sults can  be  neither  confuted  nor  confirmed  by  anything  that  Was 
said,  thought  or  done  at  an  earlier  period.  I  have  merely  referred 
to  these  indications  of  doctrines  of  evolution  to  recall  to  your 
minds  that  the  two  great  schools  of  thought,  which  now  divide 
.philosophers,  have  existed  from  very  remote  times.    They  are, 
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therefore,  in  their  origin,  probably  independent  of  correct  scien- 
tific knowledge. 

You  have  learned  from  the  geologists,  and  mostly  from  those  of 
the  present  century,  that  the  strata  of  the  earth  have  been  suc- 
cessively formed  from  fi'agments  more  or  less  comminuted  by  me- 
chanical action,  more  or  less  altered  by  chemical  combination  and 
molecular  rearrangement.  These  fragments  were  derived  from 
strata  previously  deposited,  or  fVom  material  brought  up  from 
below,  or  even  thrown  down  from  above,  or  from  the  debris  of 
organic  beings  which  extracted  their  mineral  constituents  from 
surrounding  media.  Nothing  new  has  been  added,  everything  is 
old :  only  the  aiTangement  of  the  parts  is  new,  but  in  this  arrange- 
ment definite  and  recognizable  unchanged  fragments  of  the  old 
frequently  remain.  Geological  observation  is  now  so  extended 
and  accurate  that  an  experienced  student  can  tell  from  what  for- 
mation, and  even  from  what  particular  locality  these  fragments 
have  been  derived. 

I  wish  to  show  that  this  same  process  has  taken  place  in  the 
organic  world,  and  that  by  proper  methods  we  can  discover  in  our 
fauna  and  flora  the  remnants  of  the  inhabitants  of  former  geologic 
times,  which  remain  unchanged,  and  have  escaped  those  influences 
of  variation  which  are  supposed  to  account  for  the  differences  in 
the  organic  beings  of  different  periods. 

Should  I  succeed  in  this  effort,  we  will  be  hereafter  enabled  in 
groups  of  animals  which  are  rarely  preserved  in  fossil  condition, 
to  reconstruct,  in  some  measure,  the  otherwise  extinct  faunae,  and 
thus  to  have  a  better  idea  of  the  sequence  of  generic  forms  in  time. 
We  will  also  have  confirmatory  evidence  of  certain  changes  which 
have  taken  place  in  the  outline  of  the  land  and  the  sea.  More  im- 
portant still,  we  will  have  some  indications  of  the  time  when 
greater  changes  have  occurred,  the  rock  evidence  of  which  is  now 
buried  at  the  bottom  of  the  ocean,  or  perhaps  entirely  destroyed 
by  erosion  and  separations.  Of  these  changes,  which  involved 
connections  of  masses  of  land,  no  surmise  could  be  made,  except 
through  evidence  to  be  gained  in  the  manner  of  which  I  am  about 
to  speak. 

My  illustrations  will  naturally  be  drawn  from  that  branch  of 
zoology,  with  which  I  am  most  familiar ;  and  it  is  indeed  to  your 
too  partial  estimate  of  my  studies  in  that  science,  that  I  owe  the 
privilege  of  addressing  you  on  the  present  occasion. 
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ADDRESS 


OF 


DR.   JOHN    L.    LeCONTE, 


THB    RETmiNO    PRB8IDBKT    OF   THE    ASSOCIATION. 


Gentlemen  and   Ladies  of  the  AmebicaiT'  Association   for 
THE  Advancement  of  Science: — 

The  founders  of  science  in  America,  and  the  other  great  stu- 
dents of  nature,  who  have  in  previous  years  occupied  the  elevated 
position  in  which  I  now  stand,  have  addressed  you  upon  many 
momentous  subjects.  In  iblfilling  the  final  duty,  assigned  to  your 
Presidents  by  the  laws  of  the  Association,  some  have  spoken  to 
you  in  solemn  and  wise  words  concerning  the  duties  and  privileges 
of  men  of  science :  and  the  converse  duties  of  the  nation  towards 
those  earnest  and  disinterested  promoters  of  knowledge.  Others 
again  have  given  you  the  history  of  the  development  of  their 
respective  branches  of  study,  and  their  present  condition,  and 
have,  in  eloquent  diction,  commended  to  your  gratitude  those  who 
have  established  on  a  firm  foundation  the  basis  of  our  modem 
systems  of  investigation.    * 

The  recent  changes  in  our  Constitution,  by  which  you  are  led  to 
expect  from  your  two  Vice-presidents,  and  fk'om  the  Chairman  of 
the  Chemical  Subsection,  addresses  on  the  progress  made  during 
the  past  year,  restrain  me  from  invading  their  peculiar  fields  of 
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labor,  by  alluding  to  scientific  work  which  has  been  accomplished 
since  our  last  meeting.     While  delicacy  forbids  me  from  so  doin^, 
I  am  equally  debarred  from  repeating  to  yon  the  brief  sketch  X 
endeavored  to  give  at  a  former  meeting  ^  of  the  history,  and  pres- 
ent condition  of  Entomology  in  the  United  States. 

But  it  has  appeared  to  me  that  a  few  thoughts,  which  have  im- 
pressed themselves  on  my  mind,  touching  the  future  results  to  be 
obtained  from  certain  classes  of  facts,  not  yet  fully  developed,  on 
account  of  the  great  labor  required  for  their  proper  comparison, 
may  not  be  without  value.  Even  if  the  facts  be  not  new  to  you,  I 
hope  to  be  able,  with  3'our  kind  attention,  to  present  them  in  such 
way  as  to  be  suggestive  of  the  work  yet  to  be  done. 

It  has  been  perhaps  said,  or  at  least  it  has  been  often  thought, 
that  the  first  mention  of  the  doctrine  of  evolution,  as  now  ad- 
mitted to  a  greater  or  less  degree  by  every  thinking  man,  is  found 
in  Ecclesiastes,  i,  9  : — 

^'  The  thing  that  hath  been  is  that  which  shall  be ;  and  that 
which  is  done  is  that  which  shall  be  done ;  and  there  is  no  new 
thing  under  the  sun.  Is  there  anything  whereof  it  may  be  said. 
See,  this  is  new?  It  hath  been. already  of  old  time,  which  was 
before  us." 

Other  references  to  evolutionary  views  in  one  form  or  another 
occur  in  the  writings  of  several  philosophers  of  classic  times,  as 
you  have  had  recent  cause  to  remember. 

Whether  these  are  to  be  considered  as  an  expression  of  a  per- 
fect truth  in  the  very  imperfect  language  which  was  alone  intelligi- 
ble to  the  nation  to  whom  this  sacred  book  was  immediately  ad- 
dressed on  the  one  hand ;  and  the  happy  guesses  of  philosophers, 
who  by  deep  intuition  had  placed  themselves  in  close  sympathy 
with  the  material  universe,  on  the  other  hand,  I  shall  not  stop  to 
enquire.  The  discussion  would  be  profitless,  for  modern  science 
in  no  way  depends  for  its  magnificent  triumphs  of  fact  and 
thought  upon  any  utterances  of  the  ancients.  It  is  the  creation 
of  patient  intelligent  labor  of  the  last  two  centuries,  and  its  re- 
sults can  be  neither  confuted  nor  confirmed  by  anything  that  was 
said,  thought  or  done  at  an  earlier  period.  I  have  merely  referred 
to  these  indications  of  doctrines  of  evolution  to  recall  to  your 
minds  that  the  two  great  schools  of  thought,  which  now  divide 
.philosophers,  have  existed  from  very  remote  times.    They  are, 
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therefore,  in  their  origin,  probably  independent  of  correct  scien- 
tific knowledge. 

You  have  learned  from  the  geologists,  and  mostly  fW)m  those  of 
the  present  century,  that  the  strata  of  the  earth  have  been  suc- 
cessively formed  from  f\*agments  more  or  less  comminuted  by  me- 
chanical action,  more  or  less  altered  by  chemical  combination  and 
molecular  rearrangement.  These  fragments  were  derived  from 
strata  previously  deposited,  or  from  material  brought  up  from 
below,  or  even  thrown  down  from  above,  or  from  the  debris  of 
organic  beings  which  extracted  their  mineral  constituents  from 
surrounding  media.  Nothing  new  has  been  added,  everything  is 
old :  only  the  arrangement  of  the  parts  is  new,  but  in  this  arrange- 
ment definite  and  recognizable  unchanged  fragments  of  the  old 
frequently  remain.  Geological  observation  is  now  so  extended 
and  accurate  that  an  experienced  student  can  tell  from  what  for- 
mation, and  even  from  what  particular  locality  these  fragments 
have  been  derived. 

I  wish  to  show  that  this  same  process  has  taken  place  in  the 
organic  world,  and  that  by  proper  methods  we  can  discover  in  our 
fauna  and  flora  the  remnants  of  the  inhabitants  of  former  geologic 
times,  which  remain  unchanged,  and  have  escaped  those  influences 
of  variation  which  are  supposed  to  account  for  the  differences  in 
the  organic  beings  of  different  periods. 

Should  I  succeed  in  this  effort,  we  will  be  hereafter  enabled  in 
groups  of  animals  which  are  rarely  preserved  in  fossil  condition, 
to  reconstruct,  in  some  measure,  the  otherwise  extinct  faunae,  and 
thus  to  have  a  better  idea  of  the  sequence  of  generic  forms  in  time. 
We  will  also  have  confirmatory  evidence  of  certain  changes  which 
have  taken  place  in  the  outline  of  the  land  and  the  sea.  More  im- 
portant still,  we  will  have  some  indications  of  the  time  when 
greater  changes  have  occurred,  the  rock  evidence  of  which  is  now 
buried  at  the  bottom  of  the  ocean,  or  perhaps  entirely  destroyed 
by  erosion  and  separations.  Of  these  changes,  which  involved 
connections  of  masses  of  land,  no  surmise  could  be  made,  except 
through  evidence  to  be  gained  in  the  manner  of  which  I  am  about 
to  speak. 

My  illustrations  will  naturally  be  drawn  from  that  branch  of 
zoology,  with  which  I  am  most  familiar ;  and  it  is  indeed  to  your 
too  partial  estimate  of  my  studies  in  that  science,  that  I  owe  the 
privilege  of  addressing  yon  on  the  present  occasion. 
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There  are,  as  yoa  know,  a  particular  set  of  Coleoptera  which 
affect  the  seashore ;  they  are  not  very  numeroas  at  any  locality, 
but  among  them  are  genera  which  are  represented  in  almost  every 
country  of  the  globe.  Such  genera  are  called  cosmopolitan,  in 
distinction  to  those  which  are  found  only  in  particular  districts. 
Several  of  these  genera  contain  species  which  are  very  nearly 
allied,  or  sometimes  in  fact  undistinguishable  and  therefore  iden- 
tical along  extended  lines  of  coast. 

Now  it  happens  that  some  of  these  species,  though  they  never 
stray  fW>m  the  ocean  shore  inland,  are  capable  of  living  upon 
similar  beaches  on  ft^sh  water  lakes,  and  a  few  are  found  in  local- 
ities which  are  now  quite  inland. 

To  take  an  example,  or  rather  several  examples  together,  for 
the  force  of  the  illustration  will  be  thereby  greatly  increased. 

Along  the  whole  of  the  Atlantic,  and  the  greater  part  of  the 
Pacific  coast  of  the  United  States,  is  found  in  great  abundance  on 
sand  beaches,  a  species  of  Tiger-beetle,  Cicindela  hirticollis^  an  ac- 
tive, winged  and  highly  predaceous  insect ;  the  same  species  occurs 
on  the  sand  beaches  of  the  gi*eat  lakes,  and  were  it  confined  to  these 
and  similar  localities,  we  would  be  justified  in  considering  it  as  living 
there  in  consequence  solely  of  the  resemblance  in  the  conditions 
of  existence.  But,  it  is  also  found,  though  in  much  less  abun- 
dance, in  the  now  elevated  region  midway  between  the  Mississippi 
and  Rocky  Mountains.  Now,  this  is  the  part  of  the  continent 
which,  after  the  division  of  the  great  intercontinental  gulf  in  Cre- 
taceous times,  finally  emerged  from  the  bed  of  the  sea,  and  was  in 
the  early  and  middle  Tertiary  converted  into  a  series  of  immense 
fresh  water  lakes.  As  this  insect  does  not  occur  in  the  territory 
extending  fi-om  the  Atlantic  to  beyond  the  western  boundary  of 
Missouri,  nor  in  the  interior  of  Oregon  and  California,  I  think 
that  we  should  infer  that  it  is  an  unchanged  survivor  of  the  spe- 
cies which  lived  on  the  shores  of  the  Cretaceous  ocean,  when  the 
intercontinental  gulf  was  still  open,  and  a  passage  existed,  more- 
over, towards  the  south-west,  which  connected  with  the  Pacific. 

The  example  I  have  given  you  of  the  geographical  distribution 
of  Cicindela  hirticoUis  would  be  of  small  value,  were  it  an  isolated 
case ;  nor  would  I  have  thought  it  worthy  of  occupying  your  time, 
on  an  occasion  like  this,  which  is  justly  regarded  as  one  for  the 
communication  of  important  truth.  This  insect,  which  I  have  se- 
lected as  a  type  for  illustrating  the  methods  of  investigation  to 
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which  I  invite  your  attention,  is,  however,  accompanied  more  or 
less  closely  by  other  Coleoptera,  which  like  itself  are  not  particnlar 
as  to  the  nature  of  their  food,  so  long  as  it  be  other  living  insects, 
and  apparently  are  equally  indifferent  to  the  presence  of  large 
bodies  of  salt  water.  First,  there  is  Ckindda  lepida^  first  collected 
by  my  father,  near  Trenton,  New  Jersey,  afterwards  found  on 
Coney  Island,  near  New  York,  and  received  by  me  fh>m  Kansas 
and  Wisconsin  ;  not,  however,  found  west  of  the  Rocky  Mountains. 
This  species,  thus  occurring  in  isolated  and  distant  localities,  is 
probably  in  process  of  extinction,  and  may  or  may  not  be  older  than 
C.  hiriicoUis,  I  am  disposed  to  l)elieve,  as  no  representative  spe- 
cies occurs  on  the  Pacific  coast,  and  from  its  peculiar  distribution, 
that  it  is  older.  Second,  there  is  Dyschiriua  pallipennia,  a  small 
Carabide,  remarkable  among  other  species  of  the  genus  by  the 
pale  wing  covers,  usually  ornamented  with  a  dark  spot.  This  in- 
sect is  abundant  on  the  Atlantic  coast  from  New  York  to  Yirginiai 
unchanged  in  the  interior  parts  of  the  Mississippi  valley,  repre- 
sented at  Atlantic  City,  New  Jersey,  by  a  larger  and  quite  distinct 
specific  form,  C.  aeUatua^  and  on  the  Pacific  coast  by  two  or  three 
species  of  larger  size  and  different  shape,  which  in  my  less  experi- 
enced youth  I  was  disposed  to  regard  as  a  separate  genus  Akepho- 
rus.  This  form  is,  therefore,  in  a  condition  of  evolution, — how,  I 
know  not,— our  descendants  may.  The  Atlantic  species  are 
winged,  the  Pacific  ones,  like  a  large  number  of  insects  of  that 
region  are  without  wings. 

Accompanying  these  are  Coleoptera  of  other  families,  which 
have  been  less  careflilly  studied,  but  I  will  not  trespass  upon  your 
patience  by  mentioning  more  than  two.  Bledius  paUipennis 
{Staphylinidas)  is  found  on  salt  marshes  near  New  York,  on  the 
Southern  sea  coast,  and  in  Kansas, — Ammodonua  foasor^  a  wing- 
less Tenebrionide,  Trenton,  seashore  near  New  York,  and  valley  of 
Mississippi  at  St.  Louis ;  thus  nearly  approximating  Cicindeld 
lepida  in  distribution. 

We  can  thus  obtain  by  a  careful  observation  of  the  localities  of 
insects,  especially  such  as  affect  seashore  or  marsh,  and  those 
which  being  deprived  of  their  favorite  surroundings,  have  shown, 
if  I  may  so  express  myself,  a  patriotic  clinging  to  their  native 
soil,  most  valuable  ipdications  in  regard  to  the  time  at  which  their 
unmodified  ancestors  first  appeared  upon  the  earth.  For  it  is  ob- 
vious that  no  tendency  to  change  in  different  directions  by  '^  nn- 
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There  are,  as  yoa  know,  a  particular  set  of  Coleoptera  which 
affect  the  seashore ;  they  are  not  very  n\imerous  at  any  locality, 
but  among  them  are  genera  which  are  represented  in  almost  every 
country  of  the  globe.  Such  genera  are  called  cosmopolitan,  in 
distinction  to  those  which  are  found  only  in  particular  districts. 
Several  of  these  genera  contain  species  which  are  very  nearly 
allied,  or  sometimes  in  fact  undistinguishable  and  therefore  iden- 
tical along  extended  lines  of  coast. 

Now  it  happens  that  some  of  these  species,  though  they  never 
stray  fh>m  the  ocean  shore  inland,  are  capable  of  living  upon 
similar  beaches  on  fresh  water  lakes,  and  a  few  are  found  in  local- 
ities which  are  now  quite  inland. 

To  take  an  example,  or  rather  several  examples  together,  for 
the  force  of  the  illustration  will  be  thereby  greatly  increased. 

Along  the  whole  of  the  Atlantic,  and  the  greater  part  of  the 
Pacific  coast  of  the  United  States,  is  found  in  great  abundance  on 
sand  beaches,  a  species  of  Tiger-beetle,  Cicindela  hirticdUia^  an  ac- 
tive, winged  and  highly  predaceous  insect ;  the  same  species  occurs 
on  the  sand  beaches  of  the  great  lakes,  and  were  it  confined  to  these 
and  similar  localities,  we  would  be  justified  in  considering  it  as  living 
there  in  consequence  solely  of  the  resemblance  in  the  conditions 
of  existence.  But,  it  is  also  found,  though  in  much  less  abun* 
dance,  in  the  now  elevated  region  midway  between  the  Mississippi 
and  Rocky  Mountains.  Now,  this  is  the  part  of  the  continent 
which,  after  the  division  of  the  great  intercontinental  gulf  in  Cre- 
taceous times,  finally  emerged  from  the  bed  of  the  sea,  and  was  in 
the  early  and  middle  Tertiary  converted  into  a  series  of  immense 
fresh  water  lakes.  As  this  insect  does  not  occur  in  the  territory 
extending  fi*om  the  Atlantic  to  beyond  the  western  boundary  of 
Missouri,  nor  in  the  interior  of  Oregon  and  California,  I  think 
that  we  should  infer  that  it  is  an  unchanged  survivor  of  the  spe- 
cies which  lived  on  the  shores  of  the  Cretaceous  ocean,  when  the 
intercontinental  gulf  was  still  open,  and  a  passage  existed,  more- 
over, towards  the  south-west,  which  connected  with  the  Pacific. 

The  example  I  have  given  you  of  the  geographical  distribution 
of  Cicindela  hirticollia  would  be  of  small  value,  were  it  an  isolated 
case ;  nor  would  I  have  thought  it  worthy  of  occupying  your  time, 
on  an  occasion  like  this,  which  is  Justly  regarded  as  one  for  the 
communication  of  important  truth.  This  insect,  which  I  have  se- 
lected as  a  type  for  illustrating  the  methods  of  investigation  to 
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anomalous  insect,  whoso  affinities  are  difficult  to  discern^  called 
Emphyastes  fucicola,,  from  its  occurrence  under  the  sea-weed  cast 
up  by  the  waves.  It  is  represented  in  Australia  by  several  spe- 
cies of  a  nearly  allied  genus  Aphela,  found'  in  similar  situations. 

In  all  entomological  investigations  relating  to  geographical  dis-  ' 
tribution,  we  are  greatly  embarrassed  by  the  multitude  of  species, 
and  by  the  vague  and  opinion ative  genera  founded  upon  characters 
of  small  importance.  The  Coleoptera  alone^  thus  far  described, 
amount  to  over  60,000  so-called  species,  and  there  are  from  80,000 
to  100,000  in  collections.  Under  these  circumstances  it  is  quite 
impossible  for  one  person  to  command  either  the  time  or.  the  ma- 
terial  to  master  the  whole  subject,  and  from  the  laudable  zeal  of 
collectors  to  make  known  what  tliey  suppose  to  be  new  objects, 
an  immense  amount  of  synonymy  must  result.  Thus  in  the  great 
Catalogus  Coleopterorum  of  Gemminger  and  Harold,  a  permanent 
record  of  the  untiring  industry  of  those  two  excellent  entomolo- 
gists, species  of  the  ge^nus  Trechicus  founded  by  me  upon  a  small 
North  American  insect,  are  mentioned  under  five  generic  names, 
only  one  of  which  is  recognized  as  a  synonym  of  another.  These 
generic  headings  appear  in  such  remote  pages  of  the  volume  as 
135,  146  and  289. 

The  two  closely  allied  genera  of  Rhynchophora  mentioned 
above  are  separated  by  no  less  than  168  pages. 

It  is  therefore  plain,  that  before  much  progress  can  be  made  in 
the  line  of  research  which  I  have  proposed  to  you,  whereby  we 
may  recover  important  fragments  of  the  past  history  of  the  earth, 
Entomology  must  be  studied  in  a  somewhat  different  manner  from 
that  now  adopted.  The  necessity  is  every  day  more  apparent  that 
descriptions  of  heterogeneous  material  are  rather  obstructive  than 
beneficial  to  science,  except  in  the  case  of  extraordinary  forms 
likely  to  give  information  concerning  geographical  distribution  or 
classification.  Large  tj^pical  collections  affording  abundant  mate- 
rial for  comparison,  for  the  approximation  of  allied  forms,  and  the 
elimination  of  doubtful  ones  must  be  accumulated;  and  in  the 
case  of  such  perishable  objects,  as  those  we  are  now  dealing  with, 
must  be  placed  where  they  can  have  the  protecting  influences  both 
of  climate  and  personal  care. 

At  the  same  time,  for  this  investigation,  the  study  of  insects  is 
peculiarly  suitable ;  not  only  on  account  of  the  small  size,  ease  of 
collecting,  and  little  cost  of  preserving  the  specimens,  but  because 
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from  their  varied  mode  of  life  in  different  stages  of  development, 
and  perhaps  for  other  reasons,  the  species  are  less  likely  to   be 
destroyed  in  the  progress  of  geological  changes.^    Cataclysms  ancl 
submergences,  which  would  annihilate  the  higher  animals,  woal<l 
only  float  the  temporarily  asphyxiated  insect,  or  the  tree  trunks 
containing  the  larvae  and  pupae  to  other  neighboring  lands.    How- 
ever that  may  be,  I  have  given  you  some  grounds  for  believing^, 
that  many  of  the  species  of  insects  now  li\  ing  existed  in  the  same 
form  before  the  appearance  of  any  living  genera  of  mammals,  and 
we  may  suppose  that  their  unchanged  descendants  will  probably 
survive  the  present  mammalian  fauna,  including  our  own  race. 

I  may  add,  moreover,  that  some  groups,  especially  in  the 
Rhynchophora,  which,  as  I  have  said  above,  I  believe  to  be  the 
earliest  introduced  of  the  Coleoptera,  exhibit  with  compact  and 
definite  limits,  and  clearly  defined  specific  characters,  so  many 
generic  modifications,  that  I  am  compelled  to  think  that  we  have 
in  them  an  example  of  the  long  sought  unbi*oken  series,  extending 
in  this  instance  from  early  mesozoic  to  the  present  time,  and  of 
which  very  few  forms  have  become  extinct. 

I  have  used  the  word  ^ecies  so  ofben,  that  you  will  doubtless  be 
inclined  to  ask,  what,  then,  is  understood  by  a  species?  Alas !  I 
can  tell  you  no  more  than  has  been  told  recently  by  many  others. 
It  is  an  assemblage  of  individuals,  which  differ  from  each  other  by 
very  small  or  trifling  and  inconstant  characters,  of  much  less  value 
than  those  in  which  they  differ  from  any  other  assemblage  of  in- 
dividuals. Who  determines  the  value  of  these  characters?  The 
experienced  student  of  that  department  to  which  the  objects  be- 
long. Species  are,  therefore,  those  groups  of  individuals  repre- 
senting organic  forms  which  are  recognized  as  such  by  those 
who  from  natural  power  and  education  are  best  qualified  to 
judge. 

You  perceive,  therefore,  that  we  are  here  dealing  with  an  entirely 
different  kind  of  information  from  that  which  we  gain  from  the 
physical  sciences ;  everything  there  depends  on  accurate  observa- 
tion, with  strict  logical  consequences  derived  therefrom.  Here 
the  basis  of  our  knowledge  depends  equally  on  accurate  and 
trained  observation,  but  the  logic  is  not  formal  but  perceptive. 

3 1^^  a  ftiller  disovselon  of  these  causes,  and  of  Beveral  other  subjects  which  are 
briellymeDtloned  in  this  address,  the  reader  may  consult  an  excellent  memoir  by  my 
learned  firiend,  Mr.  Andrew  Murray, "  On  the  Geographical  Relations  of  the  Chief  Co- 
leopterous Fauna.''    (Journal  of  Linnsoan  Society,  Zoology,  Vol.  zi.) 
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This  has  been  already  thoroughly  recognized  by  Huxley  ^  and 
Helmholtz,^  and  others,  but  we  may  properly  extend  the  inquiry 
into  the  nature  and  powers  of  this  sesthetic  perception  somewhat 
farther.  For  it  is  to  this  fundamental  difference  between  bio- 
logical and  physical  sciences  that  I  will  especially  invite  your 
attention. 

Sir  John  Lubbock,^  quoting  from  Oldfield^  mentions  that  cer- 
tain Australians  ^^were  quite  unable  to  realize  the  most  vivid 
artistic  representations.  On  being  shown  a  picture  of  one  of 
themselves,  one  said  it  was  a  ship,  another  a  kangaroo,  not  one 
in  a  dozen  identifying  the  portrait  as  having  any  connection  with 
himself." 

These  human  beings,  therefore,  with  brains  very  similar  to  our 
own,  and  as  is  held  by  some  persons,  potentially  capable  of  similar 
cultivation  with  ourselves,  were  unable  to  recognize  the  outlines 
of  even  such  familiar  objects  as  the  features  of  their  own  race. 
Was  there  any  fault  in  the  drawing  of  the  artist  ?  Probably  not. 
Or  in  the  eye  of  the  savage  ?  Certainly  not,  for  that  is  an  optical 
instrument  of  tolerably  simple  structure,  which  cannot  fail  to  form 
on  the  retina  an  accurate  image  of  the  object  to  which  it  is  di- 
rected. Where  then  is  the  error?  It  is  in  the  want  of  capacity 
of  the  brain  of  the  individual  (or  rather  the  race  in  this  instance) 
to  appreciate  the  resemblance  between  the  outline,  the  relief,  the 
light  and  shade  of  the  object  pictured,  and  the  flat  representation 
in  color:  in  other  words,  a  want  of  '' artistic  tact"  or  sesthetic 
perception. 

A  higher  example  of  a  similar  phenomenon  I  have  myself  seen ; 
many  of  you  too  have  witnessed  it,  for  it  is  of  daily  occurrence.  It 
is  when  travellers  in  Italy  having  penetrated  to  the  inmost  chamber 
of  the  Temple  of  Art,  even  the  Hall  of  the  Tribune  at  Florence, 
stand  in  presence  of  the  most  perfect  works  of  Art,  which  it  has 
been  given  to  man  to  produce,  and  gaze  upon  them  with  the  same 

>  "A  species  is  the  smallest  group  to  which  distinctlTe  and  invariable  characters  can 
be  assigned."  (Principles  and  Methods  of  Palssontology,  Smithsonian  Beport,  1800, 878). 

*  *'  I  do  not  mean  to  deny  that,  in  many  branches  of  these  sciences,  an  intuitire  per- 
ception of  analogies  and  a  certain  artistic  tact  play  a  conspicuous  part.    In  natural 

history it  is  left  chtirely  to  this  tact,  without  a  clearly  definable  rule,  to 

determine  what  characteristics  of  species  are  important  or  unimportant  for  purposes 
of  classification,  and  what  diyisiona  of  the  animal  or  yegetable  kingdom  are  more  nat- 
ural than  others."  (Behition  of  the  Physical  Soiencea  to  Science  in  Greneral.    Smiths. 
Beport,  1871, 227.) 
'  'PrehistoricTimes,  p.  440. 

*On  the  Aborigines  of  AnttrallA.   Trans.  Ethnological  Soc.  New  Series,  Vol.  8. 
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indifference  that  they  would  show  to  the  conceptions  of  mediocre 
artists  exhibited  in  our  shops. 

Perhaps  they  would  even  wonder  what  one  can  find  to  admire 
in  the  unrivalled  collection,  which  is  there  assembled. 

There  is  surely  wanting  in  the  minds  of  such  peraons  that  hig'fa, 
aesthetic  sense,  which  enables  others  to  enter  into  spiritual  har- 
mony with  the  great  artists  whose  creations  are  before  them. 

Creations  I  said,  and  I  use  the  word  intentionally.  If  there  is 
one  power  of  the  human  soul,  which  more  nearly'  than  any  other 
approaches  the  faculty  of  creation,  it  is  that  by  which  the  almost 
inspired  artist  develops  out  of  a  rude  block  of  stone,  or  out  o^ 
such  mean  materials  as  canvass  and  metallic  pastes  of  various 
colors,  figures  which  surpass  in  beauty,  and  in  power  of  exciting 
emotion,  the  objects  they  profess  to  represent. 

Yet  these  unsesthetic  and  nonappreciative  persons  are  just  as 
highly  educated,  and  in  their  respective  positions  as  good  and 
useful  members  of  the  social  organism  as  any  that  may  be  found. 
I  maintain  only,  they  would  never  make  good  students  of  biology. 

In  like  manner,  by  way  of  illustrating  the  foregoing  observa- 
tions, there  are  some,  who  in  looking  at  the  phenomena  of  the 
external  Universe,  may  recognize  only  Chance,  or  the  "fortui- 
tous concourse  of  atoms,"  producing  certain  resultant  motions. 
Others,  having  studied  more  deeply  the  nature  of  things,  will  per- 
ceive the  existence  of  laws,  binding  and  correlating  the  events 
they  observe.  .Others  again,  not  superior  to  the  latter  in  intelli- 
gence, nor  in  power  of  investigation,  may  discern  a  deeper  relation 
between  these  phenomena,  and  the  indications  of  an  intellectual  or 
aesthetic  or  mor&l  plan,  similar  to  that  which  influences  their  own 
actions,  when  directed  to  the  attaining  of  a  particular  result. 

These  last  will  recognize  in  the  operations  of  nature  the  direc- 
tion of  a  Human  Intelligence,  greatly  enlarged,  capable  of  modi- 
fying at  its  will  influences  beyond  our  control ;  or  they  will  appre- 
ciate in  themselves  a  resemblance  to  a  superhuman  intelligence 
which  enables  them  to  be  in  sympathy  with  its  actions. 

Either  may  be  true  in  individual  instances  of  this  class  of 
minds ;  one  or  other  must  be  true ;  I  ca^e  not  which,  for  to  me  the 
propositions  are  in  this  argument  identical,  though  in  speculative 
discussions,  they  may  be  regarded  as  at  almost  the  opposite  poles 
of  religious  belief.  All  that  I  plead  for  is,  that  those  who  have 
not  this  perceptive  power,  and  who  in  the  present  condition  of 
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scientific  discussion  are  numerically  influential,  will  have  tolerance 
for  those  who  possess  it ;  and  that  the  ideas  of  the  latter  may 
not  be  entirely  relegated  to  the  domain  of  superstition  and  en- 
thusiasm. 

In  the  ease  of  the  want  of  perception  of  the  Australian,  a  very 
simple  test  can  be  applied.  It  is  only  to  photograph  the  object 
represented  by  the  artist,  and  compare  the  outlines  and  shades  of 
the  photograph,  with  those  of  the  picture.  If  they  accord  within 
reasonable  limits  the  picture  is  correct  to  that  extent;  at  least, 
however  bad  the  artist,  the  human  face  could  never  be  confounded 
with  a  ship,  or  a  kangaroo. 

Can  we  apply  a  similar  test  to  the  works  of  nature  ?  I  think 
we  can.  Suppose  that  man, — I  purposely  use  the  singular  noun  to 
indicate  that  all  human  beings  of  similar  intelligence  and  educa- 
tion working  towards  a  definite  end,  will  work  in  a  somewhat  sim- 
ilar manner, — suppose,  then  I  sa}^  .that  man,  endeavoring  to  carry 
out  some  object  of  importance,  devises  a  method  of  so  doing,  and 
creates  for  that  purpose  a  series  of  small  objects,  and  we  find  that 
these  small  objects  naturally  divide  and  distribute  themselves  in 
age  and  locality,  in  a  similar  manner  to  that  in  which  the  species 
of  a  group  of  organisms  are  divided  in  space,  and  distributed  in 
time;  and  that  the  results  of  man's  labor  are  thus  divided  and 
distributed  on  account  of  the  necessary  inherent  qualities  of  his 
intelligence  and  methods  of  action,  is  not  the  resemblance  between 
human  reason  and  the  greater  powers  which  control  the  manifes- 
tations of  organic  nature  apparent  ? 

I  now  simply  present  to  3*ou  this  investigation.  Time  is  want- 
ing for  me  to  illustrate  it  by  even  a  single  example,  but  I  feel  sure 
that  I  have  in  the  minds  of  some  of  you  afteady  suggested  several 
applications  of  it  to  the  principle  I  wish  to  teach: — the  resem- 
blance in  the  distribution  of  the  works  of  nature  to  that  of  human 
contrivances  evolved  for  definite  purposes. 

If  this  kind  of  reasoning  commends  itself  to  yon,  and  you  thus 
perceive  resemblances  in  the  actions  of  the  Ruler  of  the  Universe 
to  those  of  our  own  race,  when  prompted  by  the  best  and  highest 
intellectual  motives,  you  will  be  willing  to  accept  the  declaration 
of  the  ancient  text,  '^  He  doeth  not  evil,  and  abideth  not  with 
the  evil  inclined.    Whatever  he  •hath  done  is  good;"^  or  that 

iDesatir,  p.2. 
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IW>in  oar  own  canon  of  Scriptare:    **With  him  is  wisdom  suid 
strength,  he  hath  counsel  and  anderstanding."  ^ 

The  {esthetic  character  of  Natural  History,  therefore,  prevents 
the  results  of  its  cultivation  fW>m  being  worked  out  with  the  pre- 
cision of  a  logical  machine,  such  as  with  correct  data  of  observa- 
tion and  calculation  would  be  quite  sufficient  to  formulate  tbe 
conclusions  of  physical  investigation.    According  as  the  percep- 
tion of  the  relations  of  organic  beings  among  themselves  becomes 
more  and  more  enlarged,  the  interpretation  of  these  relations  will 
vary  within  limits;  but  we  wiU  be  continually  approximating 
higher  mental  or  spiritual  truth. 

This  kind  of  truth  can  never  be  revealed  to  us  by  the  study  or 
inorganic  aggregations  of  the  universe.  The  molar,  molecular 
and  polar  forces,  by  which  they  are  formed,  may  be  expressed,  so 
fkr  as  science  has  reduced  them  to  order,  by  a  small  number  of 
simply  formulated  laws,  indicative  neither  of  purpose  nor  intelli- 
gence, when  confined  within  inorganic  limits.  In  fact,  taking  also 
the  organic  world  into  consideration,  we  as  yet  see  no  reason  why 
the  number  of  chemical  elements  known  to  us  should  be  as  large 
as  it  is,  and  go  on  increasing  almost  yearly  with  more  minute  in- 
vestigations. To  all  appearance,  the  mechanical  and  vital  struc- 
ture of  the  universe  would  remain  unchanged,  if  half  of  them 
were  struck  out  of  existence. 

Neither  is  there  any  evidence  of  intelligence  or  design  in  the 
fact  that  the  side  of  the  moon  visible  to  us  exhibits  only  a  mass 
of  volcanoes. 

Tet  upon  the  earth,  without  the  volcano  and  the  earthquake, 
and  the  elevating  forces  of  which  they  are  the  feeble  indications, 
there  would  be  no  permanent  separation  of  land  and  water ;  con- 
sequently no  progress  in  animal  and  vegetable  life  beyond  what  is 
possible  in  the  ocean.  To  us,  then,  as  sentient  beings,  the  vol- 
cano and  the  earthquake,  viewed  from  a  biological  standpoint, 
have  a  profound  significance. 

It  is  indeed  difficult  to  see  in  what  manner  the  student  of  purely 
physical  science  is  brought  to  a  knowledge  of  any  evidences  of 
intelligence  in  the  arrangement  of  the  Universe.  Tbe  poet,  in- 
spired by  meditating  on  the  immeasurable  abyss  of  space,  and  the 
transcendent  glories  of  the  celestial  orbs  has  declared, 

«  The  nnderont  astronomer  li  mad," 
iJob|ZU,18. 
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and  his  saying  had  a  certain  amount  of  specionsness,  on  account 
of  the  magnitude  of  the  bodies  and  distances  with  which  the  stu- 
dent of  the  stars  is  concerned.  This  favorite  line  is,  however, 
only  an  example  of  what  an  excellent  writer  has  termed  ^^  the  un- 
conscious action  of  volition  upon  credence,"  and  it  is  properly  in 
the  correlations  of  the  inorganic  with  the  organic  world,  that  we 
may  hope  to  exhibit,  with  clearness,  the  adaptations  of  plan  pre- 
figured and  design  executed. 

In  the  methods  and  results  of  investigation,  the  mathematician 
differs  from  both  the  physicist  and  the  biologist.  Unconfined  like 
the  former,  by  the  few  simple  relations  by  which  movements  in  the 
inorganic  world  are  controlled,  he  may  not  only  vary  the  form  of 
his  analysis,  almost  at  pleasure,  making  it  more  or  less  transcen- 
dental in  many  directions,  but  he  may  introduce  factors  or  rela- 
tions, apparently  inconceivable  in  real  existences,  and  then  inter- 
pret them  into  results  quite  as  real  as  those  of  the  legitimate 
calculus  with  which  he  is  working,  but  lying  outside  of  its  domain. 

If  biology  can  ever  be  developed  in  such  jnanner  that  its  results 
may  be  expressed  in  mathematical  formulse,  it  will  be  the  pleasing 
task  of  the  future  analyst,  to  ascertain  the  nature  of  the  incon- 
ceivable (or  imaginary  as  they  are  termed  in  mathematics)  quan- 
tities which  must  be  introduced  when  changes  of  form  or  structure 
take  place.  Such  will  be  analytical  morphology,  in  its  proper 
sense ;  but  it  is  a  science  of  the  future,  and  will  require  for  its 
calculus  a  very  complex  algebra. 

In  the  observation  of  the  habits  of  inferior  animals,  we  recog- 
nize many  complications  of  action,  which  though  directed  to  the 
accomplishment  of  definite  purposes,  we  do  not  entirely  compre- 
hend. They  are,  in  many  instances,  not  the  result  of  either  the 
experience  of  the  individual,  or  the  education  of  its  parents,  who 
in  low  forms  of  animals  frequently  die  before  the  hatching  of  the 
offspring.  These  actions  have  been  grouped  together,  whether 
simple  or  complex,  as  directed  by  what  we  are  pleased  to  call  in- 
stinct, as  opposed  to  reason.  Yet  there  is  every  gradation  be- 
tween the  two; 

Among  the  various  races  of  dogs,  the  companions  of  man  for 
unnumbered  centuries,  we  observe  not  only  reasoning  powers  of  a 
rather  high  order,  but  also  distinct  traces  of  moral  sentiments, 
similar  to  those  possessed  by  our  own  race.  I  will  give  no  exam- 
ples, for  many  may  be  found  in  books  with  which  you  are  familiar. 
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Actions  evincing  the  same  mental  attributes  are  also  noticed  in 
wild  animals,  which  have  been  tamed.     You  will  reply,  that  these 
qnalities  have  been  developed  by  human  education ;  but  not  so, 
there  must  have  been  a  latent  capacity  in  the  brain  to  receive  the 
education,  and  to  manifest  the  results  by  the  modification  of  the 
habits.     Now  it  is  because  we  are  vertebrates,  and  the  animals  or 
which  I  have  spoken  are  vertebrates,  that  we  understand,  though 
Imperfectly,  their  mental  pixwesses,  and  can  develop  the  powers 
that  are  otherwise  latent.     Could  we  comprehend  them  more  fully 
wo  would  find,  and  we  do  find  from  time  to  time  in  the  progress  of 
our  inquiries,  that  what  was  classed  with  instinct  is  really  intel- 
lection. 

When  we  attempt  to  observe  animals  belonging  to  another  sub- 
kingdom,  Articulata,  for  instance,  such  as  bees,  ants,  termites, 
etc.,  which  are  built  upon  a  totally  different  plan  of  structure, 
having  no  organ  in  common  with  ourselves,  the  difficulty  of  inter- 
preting their  intellectual  processes,  if  they  perform  any,  is  still 
greater.  The  purposes  of  their  actions  we  can  only  divine  by 
their  results.  But  anything  more  exact  tlian  their  knowledge  of 
the  objects  within  their  scope,  more  ingenious  than  their  methods 
for  using  those  objects,  more  complex,  yet  well  devised  than  their 
social  and  political  systems,  it  is  impossible  to  conceive. 

We  are  not  warranted  in  assuming  that  these  actions  are  in- 
stinctive, which  if  performed  by  a  vertebrate  we  would  call  rational. 
Instead  of  concealing  our  ignorance  under  a  word  which  thus  used, 
comes  to  mean  nothing,  let  us  rather  admit  the  existence  here 
of  a  rational  power,  not  only  inferior  to  ours,  but  also  different. 

Thus  proceeding,  from  the  highest  forms  in  each  type  of  animal 
life  to  the  lower,  and  even  down  to  the  lowest,  we  ma}''  be  pre- 
pared to  advance  the  thesis,  that  all  animals  are  intelligent,  in 
proportion  to  the  ability  of  their  organization  to  manifest  intelli- 
gence to  us,  or  to  each  other ;  that  wherever  there  is  voluntary 
motion,  there  is  intelligence : —  obscure  it  ihay  be,  not  compre- 
hended by  us,  but  comprehended  by  the  companions  of  the  same 
low  grade  of  structure. 

However  this  may  be,  I  do  not  intend  to  discuss  the  subject  at 
present,  but  only  wish  in  connection  with  this  train  of  thought  to 
offer  two  suggestions. 

The  first  is,  that  by  pursuing  different  courses  of  investigation 
in  biology,  we  may  be  led  to  opposite  results.    Commencing  with 


president's  address.  15 

the  simplest  forms  of  animal  life,  or  with  the  embryo  of  the  higher 
animals,  it  may  be  very  difficult  to  say  at  what  point  intelligence 
begins  to  manifest  itself ;  our  attention  is  concentrated,  therefore, 
upon  those  functions  which  appear  to  be  the  result  of  purely  me- 
chanical arrangements,  acted  upon  by  external  stimuli.  The 
animal  becomes  to  our  perception  an  automaton,  and  in  fact,  by 
excising  some  of  the  nervous  organs  last  developed  in  its  growth, 
we  can  render  an  adult  animal  an  autx>maton,  capable  of  perform- 
ing only  those  habitual  actions  to  which  its  brain,  when  in  perfect 
condition,  had  educated  the  muscles  of  voluntary  motion.  On  the 
other  hand,  commencing  with  the  highest  group  in  each  type,  and 
going  downwards,  either  in  structural  complication,  or  in  age  of 
individual,  it  is  impossible  to  fix  the  limit  at  which  intelligence 
ceases  to  be  apparent. 

I  have  in  this  subject,  as  in  that  of  tracing  the  past  history  of 
our  insects,  in  the  first  part  of  this  address,  preferred  the  latter 
mode  of  investigation  ;  taking  those  things  which  are  nearest  to  us 
in  time  or  structure,  as  a  basis  for  the  study  of  those  more  remote. 

The  second  consideration  is,  since  it  is  so  difficult  for  us  to  un- 
derstand the  mental  processes,  whether  rational  or  instinctive  (I 
care  not  by  what  name  they  are  called),  of  beings  more  or  less 
similar,  but  inferior  to  ourselves ;  we  should  exercise  great  caution 
when  we  have  occasion  to  speak  of  the  designs  of  One  who  is  in- 
finitely greater.  Let  us  give  no  place  to  the  crude  speculations  of 
would-be-teleologists,  who  are  indeed,  in  great  part  refuted  already 
by  the  progress  of  science,  which  continually  exhibits  to  us  higher 
and  more  beautiful  relations  between  the  phenomena  of  Nature 
*Hhan  it  hath  entered  into  the  mind  of  man  to  conceive."  Let  not 
our  vanity  lead  us  to  believe  that  because  God  has  deigned  to 
guide  our  steps  a  few  paces  on  the  road  of  truth,  we  are  justified 
in  speaking  as  if  He  had  taken  us  into  intimate  companionship, 
and  informed  us  of  all  His  counsels. 

If  I  have  exposed  my  views  on  th^e  subjects  to  you  in  an 
acceptable  manner,  you  will  perceive  that  in  minds  capable  of 
receiving  such  impressions,  biology  can  indicate  the  existence  of 
a  creative  or  directive  power,  possessing  attributes,  some  of 
which  resemble  our  own,  and  controlling  operations  which  we  may 
feebly  comprehend.     Thus  far  Natural  Theology,  and  no  farther. 

What  then  is  the  strict  relation  of  Natural  History  or  biology 
to  that  great  mass  of  learning  and  influence  which  is  commonly 
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called  Theology ;  and  to  that  smaller  mass  of  belief  and  action 
which  is  called  Religion  ? 

Some  express  the  relation  very  briefly,  by  saying  that  Science 
and  Religion  are  opposed  to  each  other.  Others  again  that  they 
have  nothing  in  common.  These  expressions  are  tme  of  certain 
classes  of  minds ;  but  the  greater  number  of  thinking  and  edu- 
cated persons  see,  that  though  the  ultimate  truths  taught  by  each 
are  of  quite  distinct  nature,  and  can  by  no  means  come  in  conflict, 
inasmuch  as  they  have  no  point  in  common ;  yet  so  far  as  these 
truths  are  embodied  in  human  language,  and  manipulated  by 
human  interests,  they  have  a  common  dominion  over  the  soul  of 
man.  According  to  the  method  of  their  government,  they  may 
then  come  into  collision  even  as  the  temporal  and  spiritual  sover- 
eigns of  Japan  occasionally  did,  before  the  recent  changes  in  that 
country. 

In  answering  the  query  above  proposed,  it  will  be  necessary  to 
separate  the  essential  truths  of  religion  ft-om  the  accessories  of 
tradition,  usage,  and  most  of  all,  organizations  and  interpreta- 
tions, which  have  in  the  lapse  of  time  gathered  around  the  primi- 
tive or  revealed  truth. 

With  the  latter,  the  scientific  man  must  deal  exactly  like  other 
men,  he  must  take  it,  or  reject  it,  according  to  his  spiritual  gifts ; 
but  he  must  not,  whatever  be  his  personal  views,  discuss  it  or 
assail  it  as  a  man  of  science^  for  within  his  domain  of  investiga- 
tion it  does  not  belong. 

With  regard  to  the  accessories  of  traditions,  interpretations, 
etc.,  our  answer  may  be  clearer,  when  we  have  briefly  reviewed 
some  recent  events  in  what  has  been  written  about  as  the  Conflict 
of  Religion  and  Science.  Some  centuries  ago,  great  theological 
disgust  was  produced  by  the  announcement  that  the  sun  and  not 
the  earth  was  the  centre  of  the  planetary  system.  A  few  decades 
ago  profound  dissatisfaction  was  shown  that  the  evidenoe  of  or- 
ganic life  on  the  planet  was  very  ancient.  Recently  some  annoy- 
ance has  been  exhibited  because  human  remains  have  been  found 
in  situations  where  they  ought  not  to  have  been,  according  to 
popularly  received  interpretations;  and  yet  more  recently  much 
apprehension  has  been  felt  at  the  possible  derivation  of  man  fVom 
some  inferior  organism ;  an  hypothesis  framed  simply  because  in 
the  present  condition  of  intellectual  advancement,  no  other  can 
be  suggested.  « 


president's  address.  17 

Yet  all  these  facts,  but  the  last,  which  still  is  an  opinion,  have 
been  accepted,  after  more  or  less  bitter  controversy  on  both  sides, 
and  the  fountain  of  spiritual  truth  remains  unclouded  and  undi- 
minished. New  interpretations  for  the  sacred  texts,  supposed  to 
be  in  conflict  wilh^the  scientific  facts,  have  been  sought  and  found 
without  difficulty.  These  much  feared  facts  have,  moreover,  given 
some  of  the  strongest  and  most  convincing  illustrations  to  modern 
exhortation  and  religious  instruction. 

Thus,  then,  we  see  that  the  influence  of  Science  upon  Religion, 
has  been  beneficial.  Scholastic  interpretations  founded  upon  im- 
perfect knowledge,  or  no  knowledge,  but  mere  guess,  have  been 
replaced  by  sound  criticism  of  the  texts,  and  their  exegesis  in 
accordance  with  the  times  and  circumstances  for  which  they  were 
written. 

It  must  be  conceded  by  fair  minded  men  of  both  sides  that  these 
controversies  were  carried  on  at  times  with  a  rudeness  of  expres- 
sion and  bitterness  of  feeling  now  abhorrent  to  our  usages.  The 
intellectual  wars  of  those  days  partook  of  the  brutality  of  physical 
war,  and  the  horrors  of  the  latter,  as  you  know,  have  been  ameli- 
orated only  within  very  few  j^ears. 

I  fear  that  the  unhappy  spirit  of  contention  still  survives,  and 
that  there  are  yet  a  few  who  fight  for  victory  rather  than  for  truth. 
The  deceptive  spirit  of  Voltaire  still  buds  forth  occasionally ;  he, 
who,  as  you  remember,  disputed  the  organic  nature  of  fossil  shells, 
because  in  those  days  of  schoolmen,  their  occurrence  on  mountains 
would  be  used  by  others  as  a  proof  of  a  universal  Noachian  deluge. 
The  power  of  such  spirits  is  fortunately  gone  for  any  potent  influ- 
ence for  evil,  gone  with  ihe  equally  obstructive  influence  of  the 
scholastics  with  whom  they  formerly  contended. 

Since  then,  there  is  no  occasion  for  strict  Science  and  pure  Re- 
ligion to  be  in  conflict,  how  shall  the  peace  be  kept  between  them  ? 

By  Toleration  and  Patience.  Toleration  towards  those  who 
believe  less  than  we  do,  in  the  hope  that  they,  by  cultivation  or 
inheritance  of  aesthetic  perception,  will  be  prepared  to  accept 
something  more  than  Matter  and  Energy  in  the  Universe,  and  to 
believe  that  Vitality  is  not  altogether  undirected  Colloid  Chem- 
istry. 

Toleration  also  towards  those  who,  on  what  we  think  misunder- 
stood or  insufficient  evidence,  demand  more  than  we  are  prepared 
to  admit,  in  the  hope  that  they  will  revise  additional  texts  which 
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seem  to  conflict,  or  may  hereafter  conflict  with  facts  deduced  from 
actual  study  of  Nature,  and  thus  prepare  their  minds  for  the  re- 
ception of  such  truths  as  may  be  discovered,  without  embittered 
discussions. 

Patience,  too,  must  be  counselled.  *  For  much  delay  will  ensue 
before  this  desired  result  is  arrived  at ;  patience  under  attack,  pa- 
tience under  misrepresentation,  but  never  controversy. 

Thus  will  be  hastened  the  time,  when  the  glorious,  all  sufficient 
spiritual  light,  which  though  given  through  another  race,  we  have 
adopted  as  our  own,  shall  shine  with  its  pristine  purity,  fi*eed  from 
the  incrustations  with  which  it  has  been  obscured  by  the  vanity 
of  partial  knowledge,  and  the  temporary  contrivances  of  human 
polity. 

So,  too,  by  freely  extended  scientific  culture,  may  we  hope  that 
the  infinitely  thicker  and  grosser  superstitions  and  coiTuptions  will 
be  removed,  which  greater  *age  and  more  despotic  governments 
have  accumulated  around  the  less  brilliant,  though  important  re- 
ligions of  our  Asiatic  Aryan  relatives.  These  accretions  being 
destroyed,  the  principal  difficulty  to  the  reception  by  those  nations 
of  higher  spiritual  truths  will  be  obviated,  and  the  intelligent 
Hindoo  or  Persian  will  not  be  tardy  in  recognizing  in  the  pure  life 
and  elevated  doctrine  of  the  sincere  Christian,  an  addition  to,  and 
fuller  expression  of  religious  precepts  with  which  he  is  familiar. 
In  this  manner  alone  may  be  realized  the  hope  of  the  philosopher, 
the  dream  of  the  poet,  and  the  expectation  of  the  theologian.  A 
Universal  Science,  and  a  Universal  Religion,  cooperating  harmo- 
niously for  the  perfection  of  man  and  the  glory  of  his  Creator. 
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Report  op  the  Committee  on  Weights,  Measures  and  Coinage. 

^  The  object  for  which  the  committee  on  weights,  measures  and 
coinage  of  the  Association  for  the  Advancement  of  Science  was 
originally  appointed,  was  not  that  it  should,  consider  matters  at 
that  timQ  definitely  laid  before  it,  and  after  reporting  be  dis- 
charged, birt  that,  like  the  analogous  committee  of  the  British 
Association,  it  should  take  cognizance  of  all  the  movements  which 
may  be  going  on  throughout  the  world  in  regard  to  matters  relat- 
ing to  this  subject,  and  should  advise  the  Association,  from  time 
to  time,  as  to  the  modes  in  which  it  might  promote  the  general 
progress  of  improvement  by  the  expression  of  its  sympathies,  or 
by  invoking  the  action  of  other  bodies  whose  cooperation  might  be 
likely  to  subserve  the  same  cause. 

The  purpose  of  this  report  is,  therefore,  to  call  the  attention  of 
the  Association,  at  this  time,  to  the  results  of  the  recent  interna- 
tional diplomatic  conference,  of  which  the  sessions  were  concluded 
in  the  month  of  March  last ;  and  to  the  international  convention 
adopted  by  that  Congress,  and  signed  by  the  diplomatic  repre- 
sentatives of  twenty-one  nations,  among  whom  the  representative 
of  the  United  States  is  included.    • 

This  conference  was  invited  early  in  the  year  1870,  at  the  in- 
stance of  the  European  Geodesic  Association,  by  the  government 
of  France.  The  invitation  was  extended  to  all  the  nations  with 
which  France  is  in  friendly  diplomatic  intercourse,  and  its  object, 
as  stated,  was  to  ask  the  cooperation  of  such  nations  in  an  en- 
deavor, through  an  international  commission,  to  provide  adequate 
securities  for  the  perpetuation,  unaltered  forever,  of  the  basic 
units  of  the  metric  system  ;  for  the  discussion  and  final  settlement 
of  any  question  which  had  been  or  might  be  raised  as  to  the  literal 
conformity  of  the  prototype  standards  with  the  natural  dimen- 
sions which  they  purport  to  represent ;  and  for  the  provision  of 
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authentic  copies  of  those  prototypes  to  be  deposited  with  the  sev- 
eral metric  nations,  and  all  others  which  should  desire  them,  as  lo- 
cal standards  of  comparison  and  verification.  The  invitation  was 
generally  accepted,  and  delegates  appointed  by  the  different  na- 
tions were  assembled  for  the  first  time*  in  the  summer  of  1870,  in 
Paris.  The  delegates  appointed  on  behalf  of  the  United  States 
were  Prof.  Joseph  Henry,  Secretary  of  the  Smithsonian  Institu- 
tion, and  Prof.  J.  E.  Hilgard,  of  the  Coast  Survey,  now  President 
of  this  Association.  At  this  earliest  meeting,  at  which  Prof. 
Henry  appeared  for  the  United  States,  certain  general  principled 
were  agreed  upon  for  the  guidance  of  future  proceedings ;  but  in 
consequence  of  the  war,  which  raged  with  such  violence  between 
France  and  Germany  during  that  year,  no  active  measures  were 
attempted. 

A  second  meeting  took  place  in  1872,  at  which  there  were  rep- 
resented, by  their  delegates,  thirt}'  different  nations ;  Prof.  Hil- 
gard appearing  on  behalf  of  the  United  States.  On  this  occa- 
sion, after  mature  deliberation  and  discussion,  it  was  resolved  that 
the  original  standard  metre  and  kilogramme  should  be  adhered 
to  as  standards  of  length  and  weight.  The  original  standard 
metre  had  been  what  is  called  an  end-metre,  or  a  metre  a  bouL 
But  as,  in  comparisons  with  such  a  metre,  the  extremities  are  lia- 
ble to  be  injured  by  repeated  contacts,  however  delicate,  the  com- 
mission resolved  that  the  new  metres  should  be  line-metres,  or 
metres  a  trait;  that  is,  measures  in  which  the  standard  is  the 
distance  between  two  delicately  traced  lines  on  the  surface  of  the 
metal ;  these  lines  to  be  observed  microscopically,  and  never 
touched. 

For  material  they  addpted  an  alloy  of  platinum  and  iridium,  ten 
per  cent,  of  the  metal  last  named  being  united  with  ninety  per 
cent,  of  pure  platinum.  Of  this  material,  also,  they  resolved  to 
make  the  kilogramme.  The  expansibility  of  this  material  is  slight, 
while  its  hardness  and  rigidity  are  great,  and  it  resists  all  acids 
and  all  ordinary  artificial  heat.  It  is  only  fusible  in  a  furnace 
specially  constructed  for  the  purpose,  in  which  the  material,  sup- 
ported on  a  bed  of  lime,  is  exposed  to  the  direct  action  of  many 
jets  of  the  oxy-hj^drogen  blowpipe.  In  order  to  secure  the  highest 
degree  of  rigidity  in  the  mass  of  metal  forming  the  standard 
metre,  it  was  determined  to  give  to  the  bar  a  cross  section  resem- 
bling in  part  the  letter  X,  and  in  part  the  capital  H,  the  lines  de- 
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noting  the  limits  of  the  standard  to  be  traced  on  the  bottom  of 
the  trough  thus  formed,  on  one  side  of  the  cross-bar  of  the  H. 

Inasmuch,  also,  as  it  was  designed  to  fhmish  all  the  metric 
nations  with  carefully  compared  and  verified  standards  accom- 
panied by  their  certified  equations,  and  as  it  was  desirable  that 
these  standards  should  be  as  nearly  as  possible  identical  in  char- 
acter in  every  respect,  it  was  further  resolved  to  construct  the 
whole  from  a  single  ingot,  formed  at  one  operation  of  melting. 

The  difi3cult  and  responsible  duty  of  accurately  preparing  the 
bars  in  accordance  with  these  rules  was  intrusted  to  the  delegates 
constituting  the  French  section  of  the  commission.  An  executive 
committee,  chosen  from  the  delegates  of  the  different  nations,  to 
the  number  of  twelve,  in  which  committee  our  country  is  repre- 
sented by  Prof.  Hilgard,  was  charged  with  the  subsequent  duty 
of  receiving,  comparing  and  verifying  these  standards.  These 
^  verifications  having  been  accomplished,  the  committee  were  re- 
quired to  call  the  entire  commission  together  and  to  deliver  over 
to  that  body  the  standards  thus  finally  completed.  ^ 

It  being  evident  that,  in  order  to  secure  permanently  to  the 
nations  represented,  and  to  the  world,  the  benefits  contemplated 
in  the  institution  of  this  commission,  some  permanent  organiza- 
tion would  be  necessary  to  take  charge  of  the  standards  created, 
to  attend  to  their  distribution,  to  prepare  new  ones  if  such  should 
hereafter  be  necessary ;  to  recompare,  hereafter,  those  originally 
distributed  if  such  verification  should  be  desired,  and  fhrther  to 
compare  and  verify  standards  of  measure  of  any  kind,  whether 
metric  or  not,  for  nations  or  for  municipalities,  or  for  corporate 
bodies  or  even  for  individuals,  it  was  finally  resolved  that  the 
French  government  should  be  requested  to  invite  a  diplomatic 
conference  of  the  nations  for  the  purpose  of  advising  as  to  the 
proper  plan  of  such  an  organization,  and  as  to  the  means  of  main- 
taining it. 

In  consequence  of  this  suggestion  such  an  invitation  was  issued 
in  January,  1873.  On  the  receipt  of  the  invitation  from  the 
French  government  by  that  of  the  United  States,  the  President  of 
the  National  Academy  of  Sciences  was  invited,  by  the  Secretary 
of  State,  to  lay  before  him  such  information  in  regard  to  the  nature 
*  of  the  proposed  scheme,  its  relations  to  the  interests  of  science, 
and  its  more  divect  importance  to  the  material  welfare  of  mankind, 
as  might  enable  him  to  advise  the  President  of  the  United  States 
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as  to  the  expediency  of  acceding  to  the  invitation.  The  president 
of  the  Academy  referred  the  subject  to  a  committee,  by  whom  a 
formal  report  was  drawn  up  which  was  presented  to  the  President 
of  the  Academy  and  by  him  transmitted  to  the  Secretary. 

The  impression  produced  by  this  upon  the  mind  of  the  President 
of  the  United  States  was  so  favorable  that  without  hesitation  he 
appointed  Mr.  Washbume,  our  minister  at  Paris,  to  represent  our 
country  in  the  proposed  diplomatic  conference.  The  call  for  the 
conference  was  issued  in  December,  1874,  and  the  conference 
itself  was  actually  convened  in  March,  1875.  A  convention  was 
entered  into  by  the  delegates,  on  behalf  of  the  nations  represented 
by  them,  in  which  it  was  stipulated  that  provision  should  be  made, 
by  appropriations  pro-rata  fVom  the  different  assenting  nations,  for 
the  maintenance  of  the  international  bureau.  A  scheme  of  organ- 
ization for  this  bureau  was  approved,  and  a  budget  in  which  esti- 
mates were  embraced  in  regard  to  the  original  cost  of  construction 
and  preliminary  operations,  and  in  regard  to  the  future  annual 
support  of  th^ bureau,  was  also  approved. 

This  committee  see  no  occasion  for  going  more  particularly  into 
details  in  regard  to  the  plan  of  the  proposed  permanent  bureau, 
inasmuch  as  the  president  of  the  Association,  who  is  a  member  of- 
the  executive  committee  of  the  international  commission,  will 
probably  make  a  communication,  written  or  oral,  to  the  Associa- 
tion on  the  subject.  The  point  which  the  committee  desire  to 
press  upon  the  Association  is  this :  The  delegates  to  the  diplo- 
matic conference  who  have  affixed  their  signatures  to  the  conven- 
tion, have  done  so,  in  a  few  instances,  subject  to  the  approval  of 
their  governments ;  others  have  acted  with  the  full  authority  of 
their  governments.  It  is  gratifying  to  know  that  the  President  of 
the  United  States,  on  having  been  consulted  by  Mr.  Washburne 
upon  the  question  of  affixing  his  signature,  was  authorized,  by 
telegraph,  to  do  so,  and  signed  the  convention  accordingly. 

The  United  States  are,  therefore,  one  of  the  signatory  powers ; 
'  and  so  far  as  the  action  of  the  executive  government  can  go,  we 
are  a  member  of  an  international  league  more  honorable  to  civili- 
zation than  almost  any  other  that  was  ever  entered  into  by  such 
high  contracting  parties. 

As,  however,  in  order  that  our  engagements  may  be  fulfilled,  it 
is  necessary  that  our  Congress  should  make  pro^sion  to  defray 
the  portion  of  the  accruing  expense  which  falls  to  our  share,  it 
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seems  desirable  that  an  expression  shoald  be  laid  before  Congress 
by  the  scientific  men  of  the  coantry,  signifying  their  estimate  of 
the  importance  of  this  measure,  and  praying  them  to  make  the 
slight^ appropriations  required.  These  will  amount  to  not  more 
than  $10,000  in  the  first  instance,  and  the  future  annual  smaller 
sum  of  $900. 

It  is  to  be  considered  that  this  organization  is  not  designed 
merely  to  advance  the  interests  of  the  metric  system  of  weights 
and  measures,  or  to  serve  as  a  means  of  promoting  the  extension 
of  that  system.  Its  design  is  higher  than  that.  To  secure  the 
universal  adoption  of  the  metric  system  would  be  undoubtedly  to 
confer  an  immense  and  incalculable  benefit  upon  the  human  race ; 
but  it  would  be  a  benefit  felt  mainly  in  the  increased  facilities 
which  it  would  afford  to  commerce  and  to  exactness  in  matters 
that  concern  the  practical  life  of  humanity.  But  to  secure  that 
severe  accuracy  in  standards  of  measurement  which  transcends  ail 
the  wants  of  ordinary  business  affairs,  yet  which,  in  the  present 
advanced  state  of  science,  is  the  absolutely  indispensable  condition 
of  higher  progress,  is  an  object  of  interest  to  the  Investigators 
of  nature'  immensely  superior  to  anything  which  contemj^lates 
only  the  increase  of  the*  wealth  of  nations. 

.  This  international  bureau  proposes  now  to  provide  for  science 
precisely  that  which  science  in  the  present  age  of  the  world  de- 
mands,— such  minute  exactness  of  measurement,  that  observa- 
tions of  the  most  delicate  character  which  may  be  made  in  Ger- 
many, or  Italy,  or  France,  or  £ngland,  may  be  exactly  and  quanr 
titatively  known  to  the  investigator  in  the  United  States,  who 
reads  the  measures  as  they  are  set  down  in  the  journals  and  the 
memoirs  in  which  the  original  observations  are  described.  It  is 
of  secondary  consequence  whether  the  standards  are  metric  stand- 
ards, or  standards  such  as  are  in  use  among  ourselves.  This 
bureau  will  equally  verify  them  all,  and  compare  them  all  with 
standards  of  other  nations  founded  on  different  linear  bases,  so 
long  as  such  differences  shall  continue  to  exist.  It  is,  therefore, 
not  merely  an  international  bureau  of  weights  and  measures,  but 
it  may,  with  equal  propriety,  be  called  an  international  bureau  for 
the  promotion  of  exactness  in  scientific  determinations.  And  it 
will  be  as  much  the  organ  of  institutions  like  this  Association, 
like  the  National  Academy,  like  the  Soyal  Society,  like  the  French 
Institute,  etc.,  as  it  will  be  that  of  the  governments  establishing 
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it.  The  committee,  therefore,  recommend  that  a  memorial  should 
be  drawn  up  and  signed  by  all  the  members  of  the  Association, 
whether  here'  present  or  now  at  their  homes,  ui^ng  Congress,  in 
behalf  of  American  science,  to  make  the  trivial  appropriation  re- 
quired to  enable  our  country  to  be  a  participator  in  the  mainten- 
ance of  an  organization  so  honorable  to  our  age  and  so  important 
to  the  interests  we  have  at  heart. 

F.  A.  P.  Barnard,  Chairman,     7 

J.  E.  HiLGARD, 

II.  A.  Newton, 
J.  Lawrence  SiirrH, 
Joseph  Henrt, 
W.  B.  Rogers, 
Benjamin  Feirce, 
E.  B.  Elliott, 


J 


Committee. 


DETRorr,  August  17,  1875. 


After  the  acceptance  of  the  Report,  the  following  Resolutions, 
recommended  by  the  Standing  Committee,  were  unanimously 
adopted :  — 

Whereas,  in  the  investigations  of  science,  precision  in  the  determina- 
tion of  quantities  is  essential  to  the  discovery  of  truth,  and  therefore 
every  measure  which  has  for  its  object  to  secure  or  maintain  accuracy  in 
the  standards  of  measurement  is  directly  promotive  of  scientific  advance- 
ment, and  is  of  interest  to  any  investigator, 

And  whereas  It  has  been  made  known  to  this  Association,  that  a  conven- 
•  tlon  was  entered  into  early  In  the  present  year  by  the  leading  powers  of 
the  civilized  world,  through  their  diplomatic  representatives,  providing 
for  the  creation  and  maintenance,  in  the  city  of  Paris,  of  an  organization 
to  be  called  '^The  International  Bureau  of  Weights  and  Measures,"  for 
the  preparation,  verification  and  distribution  to  the  governments  of  all 
the  assenting  powers  of  accurate  standards  of  measurement,  and  for  the 
preservation  unaltered  forever  of  the  prototypes  from  which  such  stand- 
ards are  derived;  to  which  convention  the  government  of  the  United 
States  became  a  party  by  the  assent  of  the  President,  and  the  signature 
of  its  authorized  representative, 

And  whereas,  for  the  purpose  of  defraying  the  cost  of  the  necessary 
buildings  and  equipment  and  for  the  maintenance  of  such  Bureau  in  the 
discharge  of  its  proposed  ftinctions,  it  is  provided  hi  the  said  convention 
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that  each  of  the  high  contracting  powers  shall  contribute  according  to  « 
scale  dependent  on  Its  population  and  Its  relation  to  the  metric  system, 
the  amount  of  such  contribution  being  in  every  case  inconsiderable  and 
entirely  insignificant  in  comparison  with  the  advantages  to  be  derived, 

Therefore 

Beaolvedf  that  a  memorial  address  to  the  Congress  of  the  United  States 
on  behalf  of  this  Association  be  prepared  for  signature  at  this  present 
meeting,  praying  the  Senate  to  confirm  the  action  of  the  Executive  De- 
partment, and  praying  Congress  to  make  early  provision  to  discharge  the 
obligations  resting  upon  us,  in  consequence  of  the  provision  of  the  inter- 
national convention  above  mentioned,  distributing  the  burden  of  expense 
attendant  on  the  creation  of  the  international  bureau  of  Weights  and 
Measures,  and  on  its* subsequent  maintenance  among  the  signatory  powers, 
and  that  the  said  memorial  be  signed  not  only  by  the  members  of  this 
Association  here  present,  but  also  by  such  of  those  not  in  attendance 
as  may  choose  to  attach  their  signatures,  to  the  end  that  the  prayer  of  the 
memorial  may  be  made  If  possible  unanimous. 

Besolved,  further,  that  such  memorial,  when  so  signed,  be  transmitted  in 
duplicate  to  the  presiding  officers  of  the  Senate  and  House  of  Represent- 
atives, by  the  President  of  the  Association,  immediately  on  the  assembling 
of  the  forty-fourth  Congress  in  December  next. 

In  pursuance  of  this  action,  the  following  memorial  was  drafted 
and  numerously  signed  before  the  adjournment  of  the  Association* 

To  the  Senate  and  House  of  Be^esentatives  of  the  United  States 
in  Congress  assembled: 

The  undersigned.  Members  of  the  American  Association  for  the  Ad- 
vancement of  Science,  having  learned  with  great  satisfaction,  that  a 
convention  has  been  entered  into  by  the  leading  nations  of  the  world 
for  the  establishment  and  maintenance  of  an  International  Bureau  of 
Weights  and  Measures,  with  the  object  of  promoting  permanence,  pre- 
cision and  uniformity  in  the  standards,  at  the  joint  charge  of  the  con- 
tracting powers;  and  that  the  Government  of  the  United  States  has 
agreed  to  the  same  through  its  diplomatic  representative,  subject  to  the 
ratification  of  the  Senate,  do  now,  for  the  considerations  set  forth  in  the 
accompanying  report  and  resolutions,  respectftilly  urge  that  the  Senate, 
without  delay,  ratify  said  convention,  and  that  Congress  make  the  requisite 
appropriation  to  carry  the  same  into  efllect. 


ADDRESS 


or 


PROF.    H.    A.    NEWTON, 


VICE   PRESIDENT   FOB   SECTION   A. 


Membebs   of  the  American  Association   for  the  Advance- 
ment OF  Science: 

I  THANK  you  heartily  for  the  honft*  you  have  done  me  m  calli% 
me  to  preside  over  this  section. 

The  first  of  the  subjects  named  as  belonging  to  section  A,  is 
mathematics.  In  the  few  words  I  shall  say,  I  wish  to  ask  for  that 
branch  the  real  primacy  which  has  thus  in  form  been  given  to  it. 
I  plead  for  more  study  of  mathematics  by  American  men  of 
science. 

I  do  not  speak  of  its  place  in  education.  Whatever  interest  we 
may  have  in  schemes  of  education,  we  are  not  discussing  them 
here.  That  there  has  been,  and  is,  a  notable  lack  in  the  amount 
of  American  contributions  to  mathematics  has  been  so  fully  shown 
by  my  predecessor  in  this  office  in  a  recent  number  of  a  leading 
review,  that  1  need  not  repeat  the  story. 

It  is  nolf^,  perhaps,  to  be  wondered  at  that  in  a  new  country  its 
flora  and  fauna,  its  physical  and  geological  features,  should  have 
more  attraction  at  first  than  the  exact  sciences.  Then,  too,  there 
have  been  in  this  country  large  rewards  to  labor,  especially  to 
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Mehbebs   of  the  Auerican  AesoctATioN   FOR   THE   Advance- 

UEKT   0F^CIE5CE  : 

I  THANK  you  heartily  for  the  hooA^  you  hare  done  me  in  calliq^ 
me  to  preside  over  this  section. 

The  first  of  the  subjecta  named  as  belonging  to  section  A,  is 
mathematics.  In  the  few  words  I  shall  say,  I  wish  to  ask  for  that 
branch  the  real  primacy  which  has  thus  in  form  been  given  to  it. 
I  plead  for  more  study  of  mathematics  by  American  men  of 


I  do  not  speak  of  its  place  in  education.  Whatever  interest  we 
may  have  in  schemes  of  education,  we  are  not  discussing  them 
here.  That  there  has  been,  and  is,  a  notable  lack  in  the  amount 
of  American  contributions  to  mathematics  has  been  so  fiilly  shown 
by  my  predecessor  in  this  offlce  in  a  recent  number  of  a  leading 
reriew,  that  I  need  not  repeat  the  story. 

It  is  not^  perhaps,  to  be  wondered  at  that  in  a  new  countty  its 
flora  and  fauna.  Its  physical  and  geological  features,  should  have 
more  attraction  at  first  than  the  exact  sciences.  Then,  too,  there 
have  been  in  this  country  targe  rewards  to  labor,  especially  to 
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skilled  labor.  Livings  and  prizes  have  enticed  men  to  work  where 
practical  results  are  directly  in  view,  in  the  i^[>plted  rather  than  in 
the  pare  mathematics. 

But  whether  these  reasons  or  others  have  caused  it,  the  unpleas- 
ant fact  is  that  the  American  contributions  to  the  science  of  quan- 
tity have  not  been  large.    Three  or  four  volumes,  a  dozen  memoirs, 
and  here  and  there  a  fhiitftil  idea  having  been  selected  from  them, 
there  is  left  very  little  that  the  world  will  care  much  to  remember. 
I  refer,  of  course,  to  additions  to  our  knowledge,  not  to  the  orderly 
arrangement  of  it.     To  make  first-rate  text-books,  or  manuals,  or 
treatises,  is  a  work  of  no  mean  order,  and  I  would  not  underesti- 
mate it.    In  good  mathematical  text-books  we  nee(f  not  fear  com- 
parison with  any  nation.    But  so  few  additions  have  been  made  to 
our  knowledge  of  quantity,  that  I  fear  that  the  idea  has  been  quite 
general  among  us  that  the  mathematics  is  a  finished  science,  or  at 
least  a  stationary  one,  and  that  it  has  few  fertile  fields  inviting  labor, 
and  few  untrodden  regions  to  be  explored.    Hence  many  bright 
minds,  capable  of  good  work,  have  acted  as  though  the  arithmetic, 
the  algebra,  and  the  mechanics  which  they  studied  covered  all  that 
is  known  of  the  science.    Instead  of  going  on  in  some  path  out  to 
the  bounds  of  knowledge,  as  they  had  perhaps  the  ability  to  do, 
they  dug  in  \he  beaten  highways,  and  with  care  planted  seed  there, 
hoping  for  fruit.     How  much  such  ill-directed  thought  has  been 
s^nt  on  i;he  theory  of  number^,  on  higher  equations,  on  the  theory 
of  the  tides,  &c.,  which  if  rightly  expended  on  some  untrodden 
though  humble  field  of  the  science,  might  have  added  really  to 
human  knowledge !     And  yet  hardly  any  science  can  show  on  the 
whole  a  more  steady  progress,  year  by  year,  for  the  last  fifty  years, 
or  a  larger  and  healthier  growth,  than  the  science  of  quantity. 
Here  too,  as  in  every  other  science,  the  larger  the  field  that  has 
been  acquired,  the  longer  its  boundary  line  from  which  laborers 
may  work  out  into  the  region  beyond. 

An  individual  may  wisely  neglect  one  science,  in  order  to  work 
in  another.  But  a  nation  may  not.  For  the  healthy  growth  of  all, 
each  science  should  be  fostered  in  its  due  proportion.  But  the 
mathematics  has  such  relations  with  other  branches,  that  neglect 
of  it  must  work  in  time  wider  injury,  I  believe,  to  tke  cause  of 
science,  than  neglect  of  any  other  branch.  I  will  give  a  few 
reasons  for  this  belief. 

First,  I  appeal  to  yonr  experience.  Am  I  wrong  in  supposing  that 
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each  of  you  has,  at  one  time  or  another,  been  arrested  by  lack  of 
sufficient  knowledge  of  the  mathematics  in  a  line  of  research  that 
seemed  promising  ?  Would  not  each  of  you  join  me  iii  urging  a 
young  student  in  almost  any  branch  of  science  to  acquire  first  of 
all  such  a  knowledge  of  geometry,  analysis,  and  mechanics,  that 
the  main  ideas  in  them  shall  ever  be  familiar  to  him,  and  their  pro- 
cesses at  need  be  easily  recalled?  Certainly  so  often  has  the 
regret  of  a  want  of  such  knowledge  been  expressed  to  me  by 
successful  men  of  science,  that  I  have  little  doubt  of  your  answer. 

Again,  I  argue  from  a  natural  law  of  succession  of  the  steps  of 
discovery  in  the  exact  sciences.  We  first  see  differences  in  things 
apparently  alike,  or  likeness  in  things  apparently  diverse,  or  we  - 
find  a  new  mode  of  action,  or  some  new  relation  supposed  to  be 
that  of  cause  and  effect,  or  we  discover  some  other  new  fact  or 
quality.  We  frame  hypotheses,  measure  the  quantities  involved, 
and  discuss  by  mathematics  the  relations  of  those  quantities.  The 
proof  or  disproof  of  the  hypotheses,  most  frequently  depends  upon 
the  agreement  or  discordance  of  the  quantities.  To  discover  the 
new  facts  and  qualities  has  sometimes  been  thought  to  be  higher 
work  than  to-discuss  quantities,  and  perhaps  it  is.  But  at  least 
quantitative  analysis  follows  qualitative.  It  is  after  we  have 
learned  what  kind  that  we  begin  to  ask  how  much.  The  investi- 
gator is  lame  if  he  is  not  prepared  to  follow  up  the  discovered 
relations  of  the  quantities.  . 

Again,  throughout  the  sciences  of  this  section,  the  laws  are  more 
and  more  assuming  a  mathematical  form.  In  physics  I  need  hardly 
mention  the  increasing  rule  which  rational  mechanics  is  acquiring 
in  reducing  classes  of  phenomena  to  varieties  of  forces  and  motions. 
In  chemistry,  mathematical  laws  must  govern  the  combinations  of 
the  elements,  both  in  the  processes  and  in  the  results  of  chemical 
union.  Though  ^  may  not  now  explain  chemical  action  as  one 
branch  of  mechanics,  yet  the  mathematical  sciences  of  heat  and 
light  cannot  be  made  complete  without  extending  mathematics 
over  large  provinces  in  chemistry.  Even  in  the  sciences  of  sec- 
tion B,  the  mechanical  and  other  quantitative  ideas  are  gainiog  a 

sure  place. 

The  unwisdom  of  neglecting  the  mathematics  is  again  seen  by 
considering  some  of  the  problems,  which  appear  to  be  in  their  na- 
ture capable  of  a  mathematical  solbtion.    To  explain  by  the  ac 
cepted  laws  of  rational  mechanics  all  the  forces  and  motions  of  the 
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ultimate  particles  of  matter,  of  inorganic  matter  even,  may  yeiy 
well  be  beyond  the  powers  of  the  human  mind.    But  that  some  of 
those  forces  and  motions  will  be  explained,  even  at  an  early  day, 
seems  to  be  almost  certain.     So  the  essential  differences  in  the 
chemical  elements  may  not  be  beyond  discovery  and  explanation. 
Each  line  in  the  spectrum  has  its  definite  place,  and  those  places 
are  the  results  of  certain  laws  of  structure  of  the  substance  that 
gives  the  spectrum,  and  of  its  consequent  action  upon  the  light 
that  comes  from  or  traverses  the  substance.    The  time  seems  near 
for  a  Kepler  who  shall  formulate  those  laws,  and  for  a  Principia 
which  shall  unite  them  in  their  most  general  mathematical  expres- 
sion.    In  like  manner  along  the  line  that  in  astronomy  and  physics 
separates  the  unknown  from  the  known,  there  are  hundreds  of 
questions  whose  solution,  if  they  are  to  be  solved  at  all,  must  be 
in  part  mathematical. . 

It  is  with  some  hesitation  that  I  leave  the  more  familiar  ground 
of  this  section  and  speak  of  the  laws  of  quantity  in  the  other 
sciences.  But  there  is  good  reason  apparent  to  even  the  outside 
observer,  for  the  belief  that  the  mathematics  will  in  the  future 
(of  course,  in  some  cases,  the  very  distant  future)  have  much  to 
do.  in  fields  from  which  it  is  now  very  properly  shut  out.  Indi- 
rjectly,  through  physics,  it  has  already  a  foothold  in  some  of  them. 

Political  economy  is  in  its  ultimate  nature  a  branch  of  applied 
mathematics,  and  even  in  its  present  condition  we  are  entitled  to 
distrust  the  guidance  in  it  of  one  who  has  not  clear  conceptions  of 
the  relations  of  quantity.  In  fact,  most  of  the  questions  in  social 
science  seem  to  have  a  two-fold  character,  the  one  moral,  and  the 
other  mathematical.  In  geology  how  many  problems  are  rising 
into  importance  whose  solution  depends  upon  mathematics  I  The 
,  geometr}"^  of  animal  and  vegetable  forms  is  a  subject  as  yet  almost 
untouched  by  the  mathematician.  Yet  in  the  Silure  of  the  cuse 
each  form  is  the  result  of  definite  forces,  and  similarity  and  law  in 
the  forms  represent  like  properties  in  the  forces  producing  them. 

There  is,  moreover,  a  large  possible  field  of  applied  mathematics 
in  the  science  that  shall  explain  the  relations  between  the  facts  of 
the  outside  world  and  the  impressions  which  they  make  through  the 
organs  of  sense  on  the  mind.  The  Greeks  solved  practically  one  of 
its  problems  when  they  made  the  lines  of  the  Parthenon  curved 
that  they  might  appear  straight.  Another  is  met  by  the  astrono- 
mer when  he  has  to  apply  to  his  own  observations  a  personal 
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equation.  When  we  can  explain  the  correction  which  one  color 
needs  because  of  its  nearness  to  another  color,  we  may  perhaps 
have  more  hope  of  applying  to  color  a  unit  of  measure,  and  so 
treating  of  its  quantity.  Music  has  its  mathematical  basis,  and 
differences  in  sounds  have  submitted  to  analysis  and  measurement. 
The  physiological  theories  of  vision  and  hearing  must,  as  they 
develop  by  experiment,  furnish  many  problems  to  be  solved  by 
mathematics. 

Even  in  the  sciences  beyond  the  domain  of  this  Association 
there  is  some  evidence  of  the  sovereignty  of  number  and  measure. 
Some  of  those  who  have  most  thoroughly  studied  the  theory  of  the 
beautiful,  believe  that  mathematical  laws  will  yet  be  found  to  lie 
at  the  basis  of  that  theory.  The  recognition  of  a  more  and  a  less 
in  all  our  mental  powers,  impressions,  and  actions ;  of  a  law  of 
obedience  to  the  strongest  motive ;  of  an  inseparable  connection 
of  the  greatest  good  with  right  moral  action ;  what  are  these  but 
the  indications  of  the  existence  of  quantitative  laws  in  mental  and 
moral  sciences  ? 

That  there  is  a  growing  conviction  that  mathematical  relations 
run  through  all  subjects  of  thought  is  proved  by  the  increasing  use 
of  the  word  force.  Men  speak  of  vital  forces,  mental  forces, 
moral  forces,  social  forces,  force  of  will,  force  of  passions,  of  af- 
fections, of  appetites,  force  of  words,  force  of  public  opinion,  force 
of  conscience,  force  of  character,  and  so  on,  through  all  the 
range  of  thought.  The  word  force  can  hardly  be  used,  even  as  a 
metaphor,  without  implying,  to  some  extent,  the  idea  of  a  cause 
and  an  effect,  each  possessing  the  attribute  of  quantity,  and  each 
related  quantitatively  to  the  other,  though  we  cannot  in  our  pres- 
ent ignorance  measure  the  one  or  the  other. 

Is  all  this  a  mere  fancy,  or  a  day-dream  of  the  imagination, 
rather  than  a  sober  conception  of  science  fitted  to  this  occasion  ?  If 
it  so  seems  to  you,  look  at  the  actual  history  of  one  kind  of  quantity, 
that  of  probability.  Quantity  of  probability  differs  from  most 
kinds  of  quantities,  in  that  it  is  an  impression  on  the  mind  that  has 
no  necessary  correspondence  with  the  facts  of  the  outside  world. 
It  is,  to  use  the  mathematical  term,  a  function  of  finite  knowl- 
edge, depending  for  its  magnitude  entirel}'  upon  what  we  know, 
or  think  we  know,  changing  with  every  accession  of  knowledge, 
real  or  supposed,  becoming  certainty  in  the  presence  of  full  knowl- 
edge, and  having  no  existence  where  there  is  no  knowledge  at  all. 
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This  mental  impression  of  the  more  and  the  less  probable  mathe- 
maticians learned  to  measure.  Its  theory  was  first  applied  to 
simple  games  of  chance,  but  it  has  grown  in  these  two  hundred 
years  until  it  is  now  the  firm  basis  on  which  rest  pecuniary  con- 
tracts for  many  thousands  of  millions  of  dollars  in  insurance.  It 
guides  and  controls,  by  the  method  of  least  squares,  approximate 
measurements  in  all  branches  of  exact  knowledge,  and  going  over 
into  mental  science  requires  logic  to  be  rebuilt  from  the  bottom. 

Has  the.  thought  arisen  in  any  of  your  minds  that  this  idea  of 
a  possible  extension  of  the  science  of  quantity  is  derogatory  to 
those  other  sciences  over  whose  domains  it  may  some  time  claim  a 
qualified  sovereignty — ^that  it  puts  the  good  and  the  beautiful 
even  alongside  of  the  masses  which  we  weigh  and  the  bulks  which 
we  measure  ?  Pure  mathematics  is  not  a  science  of  matter.  It  is  a 
mental  science,  dealing  solely  with  mental  conceptions.  I  am  in- 
clined to  accept  Prof.  Peirce's  extension  and  definition  of  it,  that  it 
is  the  science  that  draws  necessary  conclusions.  But  however  we 
may  extend  or  limit  the  science,  it  expresses  necessary  laws  of  our 
thinking,  and  it  is  not  derogatory  therefore  to  our  highest  knowl- 
edge that  it  is  made  subject  to  it.  Moreover,  our  conceptions  of 
the  Creator  become  higher,  as  we  are  led  oh  by  our  studies  to  em- 
phasize the  words  of  the  Hebrew  wise  man,  ^'Thou  hast  put 
together  all  things  in  measure,  and  in  number,  and  in  weight." 


PAPERS    EEAD. 


On  a  New  Method  of  Measubikg  the  Yelocitt  of  Electricttt. 
By  Joseph  Loyering,  of  Cambridge,  Mass. 

Perhaps  it  is  not  too  strong  a  statement  to  say  that  a  question 
is  half  answered  when  it  is  properly  asked.  Now  when  it  is  asked, 
What  18  the  velocity  of  electricity^  there  is  no  strict  propriety  in 
the  question.  For  electricity  has  no  velocity^  in  the  common  sense 
of  the  word  velocity.  There  is  no  analogy  between  the  transmis- 
sion of  an  electrical  disturbance  and  the  propagation  of  light,  or 
sound,  or  radiant  heat,  for  example.  The  mathematical  theory  of 
the  galvanic  circuit,  as  stated  by  Ohm  in  1827,  and  the  more 
recent  analysis  on  the  same  subject  by  Kirchhoff  and  Sir  William 
Thomson,  have  appeared  to  prove  that  the  time  of  transmission 
of  an  electrical  disturbance  is  proportional  to  the  total  electro- 
statical  capacity  of  the  conductor,  multiplied  by  its  total  resist- 
ance. As  each  of  these  factors  increases  with  the  length  of  the 
conductor,  the  time  of  transmission  is  proportional  to  the  square 
of  the  length  of  the  conductor.  Therefore,  it  cannot  be  told  with 
what  velocity  electricity  ?rill  move  until  it  is  known  through  what 
distance  it  must  travel.  If  it  be  asked,  not  what  is  the  velocity 
of  electricity,  but  what  is  its  time  of  transmission,  in  any  partic- 
ular case,  there  would  be  more  hope  of  a  definite  answer.  The 
distinction  just  indicated  will  do  much  towards  reconciling  the 
contradictory  results  of  experiment  in  regard  to  what  is  errone- 
ously called  the  velocity  of  electricity ;  these  experiments  making 
the  velocity  appear  to  be  sometimes  as  great  as  288,000  mileS  a 
second,  and  sometimes  no  more  than  800  miles  a  second.  In  the 
first  case  the  experiment  was  made  on  a  very  short  conductor, 
and  in  the  second  case  on  a  conductor  of  great  length. 

When  experiment  undertakes  to  deal  with  such  amazing  rates 
of  transmission  as  those  of  light  or  electricity,  one  of  two  things 
is  indispensable ;  it  must  possess  the  means,  either  of  operating 
over  enormous  distances  of  spaces,  or  of  measuring  excessively 
small  intervals  of  time.    When  the  propagation  of  light  is  under 
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consideration,  there  is  a  free  choice  between  the  two  methods. 
If  we  clioose  the  first  method,  which  may  be  called  the  direct 
method,  astronomy  will  supply  ample  spaces,  and  no  extraordinary 
nicety  of  measurement  in  the  other  elements  is  demanded.  But 
the  practicability  of  the  second  method,  even  when  the  spaces 
traversed  by  the  light  do  not  exceed  the  limits  of  the  physical 
laboratory,  has  been  demonstrated  by  Fizeau,  Foacault,  and  Cornu. 
If  we  turn  now  from  the  propagation  of  light  to  that  of  elec- 
tricity, it  is  obvious  that  nothing  less  than  the  largest  lines  of 
telegraph  wire  furnish  the  conditions  required  by  the  first  method. 
On  the  28th  of  February,  and  again  on  the  7th  of  March,  1869," 
the  late  Professor  Winlock,  of  the  Harvard  College  Observatory, 
sent  electrical  signals  from  Cambridge  to  San  Francisco,  and 
thence  by  other  lines  to  Canada,  and  .back  again  to  Cambridge, 
over  a  loop  of  wire  measuring  7200  miles.  This  long  journey  was 
performed  by  electricity  in  about  two- thirds  of  one  second ;  and 
no  small  portion  of  this  brief  interval  was  lost  in  bringing  into 
action  the  thirteen  repeaters  which  were  interpolated  into  the 
circuit.  In  the  determination  of  longitude  by  telegraphic  signals, 
the  transmission  time  of  the  signals  comes  out  as  an  incidental 
result.  When  the  signals  are  sent  eastward,  the  apparent  dif- 
ference of  longitude  exceeds  the  real  difference  of  longitude  by 
the  transmission  time.  When  the  signals  are  sent  westward,  the 
apparent  is  less  than  the  true  longitude  by  the  same  quantity. 
The  average  of  the  two  values  is  the  true  difference  of  longitude, 
and  half  the  difference  of  the  two  values  is  the  transmission  time 
of  electricity.  For  example,  in  the  campaign  conducted  by  offi- 
cers of  the  United  States  Coast  Surve}',  in  1869-70,  for  the  deter- 
mination of  transatlantic  longitudes,  I  obtained  the  following 
results.  The  total  transmission  time  between  Brest,  France,  and 
Duxbury,  Mass.,  by  the  way  of  St.  Pierre,  was  '816  of  one  second. 
The  total  distance  by  cable  is  3329  nautical  miles ;  the  distance 
from  Brest  to  St.  Pierre  being  2580  nautical  miles,  and  that  from 
St.  Pierre  to  Duxbury  749  nautical  miles.  When  the  differences 
of  length,  calibre,  and  materials  as  between  the  two  branches  of 
the  cable  are  all  taken  into  account,  I  find  that  the  transmission 
time  between  Brest  and  St.  Pierre  was  *689  of  a  second,  and 
between  St.  Pierre  and  Duxbury  '177  of  a  second,  so  that  the  two 
branches  were  traversed  one  at  the  rate  of  about  4000  nautical 
miles  a  second,  the  other  at  the  rate  of  4230  nautical  miles  a 
second. 
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Wheatstone's  remarkable  experiments  on  the  velocity  of  friction 
electricity,  first  published  in  1834,  offer  an  example  of  the  second 
method  of  measuring  great  velocities.  In  this  case,  the  experi- 
ment was  made  upon  a  length  of  only  one-quarter  of  a  mile ;  and 
the  exceedingly  small  fraction  of  time  required  by  electricity  to 
traverse  this  short  distance  (amounting  to  only  TTr5^TnjT>  o^  o°o 
second)  became  distinctly  measurable  by  the  relative  displacement 
which  it  produced  in  the  images  of  two  sparks,  formed  in  a  rapidly 
revolving  mirror.  Hence  the  hasty  conclusion  was  adopted  that 
the  velocity  of  electricity  was  288,000  miles  per  second.  The 
immense  discrepancy  between  this  result  and  those  afterwards 
reached  by  experiments  on  land  and  ocean  lines  of  telegraph 
could  not  be  overlooked,  and  an  explanation  was  sought  in  the 
different  tensions  of  friction  and  voltaic  electricity.  This  explan- 
ation was  unsatisfactory  because  direct  experiments  on  telegraph 
wires  appeared  to  indicate  that  the  velocity  of  electricity  was 
independent  of  the  strength  of  the  battery.  The  discrepancy 
itself  vanishes,  or  changes  its  character,  when  attention  is  given 
to  the  law  that  the  transmission  time  of  electricity  is  proportional 
to  the  square  of  the  distance.  Wheatstone's  experiment  simply 
proved  that  electricity  will  go  through  one-quarter  of  a  mile  of 
wire  at  the  rate  of  288,000  miles  per  second,  and  that  it  would 
pass  over  only  268  miles  of  similar  wire  in  one  second.  Now  this 
is  a  much  smaller  velocity  than  is  found  by  experiments  on  either 
land  or  ocean  lines  of  telegraph  ;  the  reason  being,  probably,  that 
in  the  inferences  from  Wheatstone's  experiment  no  account  has 
been  taken  of  the  intervals  of  air  which  separated  the  different 
branches  of  the  conducting  wire. 

The  theoretical  law,  already  stated,  viz.,  that  the  transmission 
time  increases  with  the  square  of  the  velocity,  has  been  verified 
experimentally  by  Gaugain.  He  used  two  threads  of  cotton,  each 
of  which  was  165  metres  in  length.  When  tried  separately,  the 
transmission  time  on  each  was  eleven  seconds.  When  they  were 
placed  end  to  end,  so  as  to  double  the  length,  the  time  was  forty- 
four  seconds. 

As  Wheatstone's  experiment  on  the  velocity  of  electricity  has 
never  been  repeated,  and  as  direct  experiments  upon  telegraph 
lines  are  not  numerous  and  are  not  likely  to  be  rapidly  multiplied 
and  have  not  been  hitherto  very  harmonious  in  their  results,  some 
other  indirect  method  of  conducting  the  investigation  may  be 
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found  of  scientific  value.  For  this  purpose,  I  have  availed  myself 
of  Lissajous'  method  of  compounding  the  rectangular  vibrations 
of  two  tuning  forks,  and  amplifying  the  resultant  motion,  by  the 
twice  reflected  beam  of  light,  which  afterwards  enters  a  telescope. 

The  tuning  forks  and  telescope  are  permanently  fixed  to  a  base- 
board, so  as  to  preserve  their  adjustment.  Each  tuning  fork  is 
provided  with  an  electro-magnet,  in  order  to  maintain  its  vibra- 
tion for  a  long  time.  The  tuning  forks,  when  vibrating  indepen- 
dently, are  nearly  in  unison,  each  making  about  128  vibrations  in 
one  second.  When  the  electro-magnets  are  brought  into  action, 
by  a  voltaic  current  circulating  continuously  through  them  and 
a  standard  tuning  fork,  furnished  with  an  electro-magnet  and  a 
break-circuit  attachment,  the  first  two  forks  are  forced  into  exact 
unison  with  the  standard,  and,  therefore,  with  each  other.  Under 
these  circumstances,  the  resultant  orbit  seen  in  the  telescope  is 
invariable.  If  the  instrumental  corrections  for  the  two  electro- 
magnets are  equal,  this  orbit  will  be  the  first  of  the  series  for  the 
unison ;  that  is,  an  oblique  straight  line.  If  this  is  not  the  case, 
it  will  be  convenient  to  make  it  so,  by  introducing  resistances  at 
the  proper  place  in  the  circuit.  Then,  the  apparatus  is  ready  to 
be  put  to  the  work  of  measuring  the  velocit}^  of  electricity.  An 
additional  length  of  resistance  coil  is  introduced,  sufiicient  to 
change  the  orbit  to  some  other  in  the  series.  The  best  one  to 
select  is  the  straight  line  which  inclines  in  the  opposite  direction. 
The  new  orbit  proves  that  one  of  the  forks  begins  a  vibration  by 
half  a  period  behind  the  other  fork ;  which,  in  this  particular  case, 
is  2  57  of  one  second.  This  fraction  of  a  second  is  the  transmis- 
sion time  for  the  passage  of  the  current  through  the  additional 
resistance  coil.  Unison  forks  of  higher  pitch  would  register 
smaller  fractions  of  time.  So  would  also  forks,  in  which  the 
ratios  of  vibration  were  less  simple ;  but  the  orbits  would  be  more 
complex  and  could  not  be  observed  with  the  same  precision  as  the 
straight  lines. 

I  have  perfected  the  apparatus,  just  described,  to  such  an  extent 
as  to  feel  assured  of  its  adaptation  to  the  purpose  which  has  been 
specified.  But  I  wish  to  make  a  larger  number  of  observations, 
upon  different  lengths  of  resistance  and  under  various  combina- 
tions, before  I  give  numerical  results.  I  propose,  hereafter,  to 
subject  in  this  way  to  experimental  trial,  the  theoretical  law  that 
the  transmission  time  increases  with  the  square  of  the  distance , 
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and  that  the  velocity  is  inversely  as  the  distance.  If  this  law 
holds  good,  the  unit  time  and  the  unit  velocity  may  be  found  for 
a  unit  distance,  or  a  unit  resistance,  and  then  the  time  and  the 
velocity  can  be  computed  for  any  other  distance  or  resistance. 
This  unit  time  and  unit  resistance  must  be  accurately  calculated 
from  a  combination  of  all  the  results  of  the  various  experiments. 
It  is  also  desirable  to  ascertain  the  time  and  velocity  for  coiled 
and  uncoiled,  for  naked  and  covered  conductors ;  as  also  for  air 
lines  and  ocean  lines.  It  is  to  be  observed  that,  in  all  cases,  the 
time  and  velocity  ascribed  to  the  passages  of  the  electricity  apply 
to  that  amount  of  electricity  which  is  required  to  work  the  receiv- 
ing instrument. 


On  a  Method  of  Exhibiting  bt  Pbojection  the  Difference 
OF  Velocity  of  Waves  in  Various  Gases.  By  T.  C. 
Mendenhall,  of  Columbus,  Ohio. 

This  arrangement  consists  of  two  glass  tubes  about  twenty 
centimetres  in  length  and  three  centimetres  in  diameter,  with  their 
ends  cemented  together  with  a  thin  stretched  membrane  between. 
In  the  centre  of  this  membrane  is  fixed  a  light  style,  as  a  bristle, 
two  or  three  centimetres  in  length.  This  may  be  put  on  with  a 
drop  of  wax  before  the  tubes  are  cemented  together.  The  outer 
ends  of  the  tubes  are  closed  with  corks  through  which  pass  glass 
tubes  one  centimetre  in  diameter,  upon  which  stiff  rubber  tubes 
may  be  slipped.  Two  such  tubes,  of  convenient  length,  are 
attached  and  their  free  ends  joined  in  a  common  chamber,  similar 
to  one  of  the  large  tubes  mentioned  above,  by  means  of  a  cork 
with  two  small  glass  tubes  inserted.  At  the  open  end  of  this 
chamber  the  disturbance  is  produced  by  means  of  a  tuning  fork,  or 
simply  by  a  membrane  stretched  over  the  end  upon  which  slight 
taps  may  be  given  with  the  finger.  The  apparatus  is  placed 
before  the  lantern  so  that  an  image  of  the  style  is  projected  upon 
the  screen.  Supposing  air  to  fill  both  tubes  it  will  be  seen  that 
an  impulse  will  travel  along  both  tubes  and  the  style  be  moved  in 
a  direction,  dependent  upon  which  of  the  two  tubes  is  the  shortest. 
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When  the  two  waves  are  transmitted  in  the  same  time  the  mem* 
branc  will  remain  at  rest.  One  of  the  tubes  being  filled  with  the 
gas  which  is  to  be  compared  with  air,  their  relative  length  is  varied 
until  the  style  is  brought  perfectly  to  rest ;  the  waves  then  reach 
the  opposite  sides  of  the  membrane  at  the  same  time,  and  the 
velocities  of  transmission  will  be  inversely  as  the  lengths  of  tube 
through  which  the  waves  pass. 

Constructed  for  use  with  the  lantern  the  apparatus  will  necessa- 
rily be  somewhat  coarse  in  its  results.  For  simply  qualitative 
works  it  will  not  even  be  necessary  to  resort  to  any  expedient  for 
retaining  the  two  gases  in  their  respective  tubes,  as  in  the  brief 
time  required  for  the  experiment  they  will  not  mix  sufficiently  to 
vitiate  the  results.  For  more  exact  results  the  tube  with  style 
may  be  mounted  under  a  microscope  of  low  power,  when  the 
adjustment  will  be  more  accurately  made.  This  method  is  more 
simple  than  those  of  Neumann  and  Zoch,  but  is  probably  not 
capable  of  giving  equally  exact  quantitative  results. 


On  the  Requisite  Amount  of  Simple  Fbiction  of  Soft  Iron 
AGAINST  Cold  Steel  to  Melt  it.  By  B.  S.  IIedrick, 
of  Washington,  D.  C. 

The  development  of  heat  by  friction  has  been  long  known.  For 
some  time  it  has  also  been  known  that  the  operations  of  rolling 
and  rubbing  had  the  effect  of  changing  the  molecular  structure 
of  iron  and  steel.  These  operations  will  toughen  and  compact 
cold  iron,  and  will  harden  and  condense  steel.  Some  time  since 
Mr.  Jacob  Reese,  of  Pittsburg,  Penn.,  had  occasion  to  construct 
a  machine  for  cutting  bars  of  cold  hardened  steel.  For  this 
purpose  he  mounted  a  disk  made  of  soft  wrought  iron  upon  a 
horizontal  axis,  so  as  to  be  rotated  with  great  velocity.  With 
any  moderate  speed  no  cutting  was  produced.  But  on  giving 
the  disk  such  a  speed  of  rotation  as  to  cause  the  periphery  of 
the  disk  to  move  with  a  velocity  of  about  25,000  feet  per  minute 
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(nearly  five  miles),  the  steel  was  rapidly  cut,  especially  when 
the  bar  to  be  cut  was  slowly  rotated  against  the^  disk.  Sparks 
in  a  steady  stream  were  thrown  off.  At  first  it  was  supposed  that 
the  steel  was  simply  rubbed  or  ground  off.  But  on  examining  the 
pil^  of  accumulated  particles  beneath  the  machine  they  were  found 
to  be  welded  together  in  the  shape  of  a  long  cone,  similar  to  the 
stalagmites  in  the  limestone  caves ;  they  were  nearly  like  the  spikes 
of  frost  as  formed  in  winter  on  Mount  Washington,  and  illustrated 
at  the  Troy  Meeting.  Real  fusion  takes  place.  The  steel  is 
melted  by  the  swiftly-moving  smooth  edge  of  the  soft  iron  disk, 
but  the  disk  itself  is  but  little  heated.  The  bar  of  steel  on  each 
side  of  the  cut  receives  but  a  slight  heat  and  the  ends  are  left  with 
a  fine  smooth  blue  finish.  By  this  process  a  rolled,  polished,  and 
hardened  steel  bar  of  two  or  three  inches  diameter,  may  be  cut  in 
two  in  a  few  minutes.  The  soft  metal  disk  of  iron  used  was  about 
forty-two  inches  in  diameter,  and  three-sixteenths  of  an  inch  thick. 
The  particles  fly  off  in  a  thick  jet  or  stream  apparently  white-hot, 
through  which  the  naked  hand  may  be  passed  without  injury,  and 
a  sheet  of  white  writing  paper  held  in  the  stream  for  a  minute  is 
not  burned  nor  colored  in  the  least.  They  glance  off  without 
burning  the  hand,  having  assumed  the  condition  which  causes  the 
spheroidal  state  of  liquids. 


Problems  in  Watson's  Coordinates.    By  Thomas  Hill,  of  Port- 
land, Maine. 

I  shall  use  in  the  present  paper  my  own  modifications  of  these 
coordinates,  representing  a  curve  by  giving  the  length  of  a  per- 
pendicular let  fall  from  the  origin  upon  the  tangent  as  a  furiction 
of  its  direction ;  that  is,  p  =zf.  v, 

1.  The  general  formulas  for  transformation  of  coordinates  are 


p  =^  p  —  h  COS  (v^  —  P  —  a), 
b 


a 


» 


(1) 


which  serve  to  transform  to  a  new  origin  at  the  distance  h  and 
direction  ^,  and  a  new  axis  making  the  angle  a  with  the  old  one. 
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2.  The  equation  p^  =zp  -^^  A  gives  by  differentiation 
dp,  =zdp  =  q^=z  q;  d^^  =  d^p. 
and  (by  Vol.  xxii,  p.  28,  A) 

In  other  words  the  addition  of  a  constant  to  p  gives  a  concentric 
curve  at  the  distance  of  that  constant  from  the  original  carve. 

8.  The  point  of  equation  5,  on  the  page  cited,  may  then  be 
transformed  into  a  circle  with  the  radius  B  by  writing 

pz=.  Asinv  -{-  B, 

and  the  distance  A  of  the  centre  of  the  circle  may  be  thrown  in 
any  direction  from  the  origin  by  writing 

pznA  Bin  (v  —  a)  +  B.  (2) 

4.  If  the  general  equation  of  the  circle  just  given  be  trans- 
formed by  equations  (1)  we  may  obtain 

p^  =  A  sin  (v  —  a)  -f  JB  —  -4  cos  (y  —  a  —  90**)  =  B 

as  the  equation  of  the  circle  referred  to  its  centre. 

5.  A  second  transformation  will  now  give 

p,  =  JB  —  J5  cos  (v  --  0)  =  B  (1  —  cos  v)  =  2  JB  ain^  ^  w 

as  the  equation  of  the  circle  referred  to  the  right  hand  point  of  the 
locus ;  which  agrees  with  pp.  28  and  29  in  the  volume  cited. 

6.  In  Vol.  xxii,  Part  I,  page  30,  I  simply  say  of  my  fifth 
problem ;  " The  equation  p  z=i  Av^^n  being  a  positive  integer, 
gives  the  involutes  of  a  circle.'' 

7.  Let  now  n  be  either  positive  or  negative  of  the  form  m  + 
^,  in  which  m  is  integral,  and  it  is  easy  to  see  that  the  curve  is 
one  of  the  involutes,  or  one  of  the  evolutes,  of  a  curve  whose 
equation  is  in  the  form  p  =  JB  >/  ik  ;  and,  if  an  involute,  that  the 
constant  of  integration  has  constantly  been  zero. 

8.  Differentiating  p  =  JB  |/  v  gives  us  g  =  — z^,  so  that  the 

product  pq  is  constantly  ^  jB^,  and  this  curve  ma}'  be  defined  by 

that  circumstance.    In  other  words  the  triangle  enclosed  between 
r,  J),  and  q  is  of  constant  area,  and  equal  to  ^B^. 
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9.  The  length  of  r  is  found,  by  sqaaring  and  adding,  r^  =  B^ 
(i'  +  j^).     This  value  reduces  to  a  minimum  for  j'  =  i,  when  r 

=  ±  B;  and  it  becomes  infinite  for  either  v  =  0,  or  v  =  oo .  It 
will  be  observed  that  negative  values  of  v,  render  the  whole  imag- 
inary, and  are  therefore  rejected. 

10.  When  v  =  0,  p  =  0,  and  g  =  oo  ;  that  is,  the  asymptote 
passes  through  the  origin  at  right  angles  to  the  axis.  But  when 
V  zz:  ^,  r  ==  JB,  (confining  our  attention  to  the  positive  values  alone, 
the  negatives  simply  giving  the  same  curve  reversed),  and  p  and  q 
each  become  *707  B.  That  is  to  say,  the  curve  has  come  down  to 
a  point,  whose  radius  vector  is  J3,  and  direction  from  the  origin  is 

^  i-  i  =  73^  88'  62"-4. 

11.  When  V  increases  beyond  the  value  j-,  it  is  evident  that  r 
constantly  approximates  in  its  value  to  that  of  p,  while  q  approxi- 
mates towards  zero.  This  second  part  of  the  curve,  therefore,  as 
it  recedes  from  the  origin,  is  asymptotic  to  a  spiral  of  which  the 

polar  equation  would  be  r  =:  B  i/f ,  which  is  in  fact  described  by 
the  foot  of  the  perpendicular  ^,  at  its  meeting  with  the  tangent. 

12.  The  curve  may  then  be  conceived  as  generated  by  the  end 
of  a  perpendicular  raised  at  the  end  of  the  radius  vector,  r  = 

B\/^i  and  of  the  length  — n, — the  general  mode  of  plotting  in 
these  coordinates. 

13.  The  curve  may  also  be  conceived  as  generated  by  the  corner 
of  a  rectangle  of  constant  area  (^5*),  revolving  around  its  opposite 
comer,  and  varying  in  such  manner  as  to  make  one  of  the  adjacent 
sides  tangent  to  the  curve.    The  adjacent  comer  of  the  rectangle 

on  the  tangent  then  describes  the  spiral  r  =  B  |/v>,  asymptotic 
to  the  second  part  of  the  curve,  while  the  fourth  comer  describes 
a  lituus  asymptotic  to  the  first  part. 

14.  The  equation  of  the  lituus  in  polar  coordinates  is,  r  = 
,  or  taking  the  asymptote  as  axis  r  =  — :::• 

15.  If  the  fundamental  curve  be  considered  in  its  reverse  order, 
and  the  generating  point  be  considered  as  approaching  the  Origin 
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on  the  second  part  and  receding  on  the  first,  the  motion  will  more 
strongly  suggest  the  name  of  Tantalus. 

16.  The  radii  of  curvature  and  radii  vectores  are  readily  found 
as  follows : 

For  the  tantalus,  t  =  B  v/"HP^;  p  =  ^  (  ^'^'"13  V 

This  value  of  p  shows  that  there  is  a  cusp  at  the  point  of  nearest 
approach  to  the  origin. 

For  the  spiral,  r  =  S/^ ;  /,  =  -^.    S'*^,^'f  . 

^  .V        vi.  ^  ^  (4  Or* +1)1 

For  the  lituus,  r  z=  — = ;  p  =  — m.    — tt — rr- • 

This  value  of  p  shows  that  the  point  of  contrary  flexure  in  the 
lituus  corresponds  to  the  cusp  of  the  tantalus,  and  occurs  when 
the  rectangle  of  Art.  8  becomes  a  square.  No  singularity  is  man- 
ifest in  the  spiral  at  the  corresponding  point. 

17.  The  angle  which  the  curves  make  with  the  radius  vector 
being  called  e,  we  have 

For  the  tantalus,  tan  e  =  2  f, 
For  the  spiral,  tan  e  =  2  ^, 
For  the  lituus,  tan  e  =  2  (}>. 

18.  The  points  at  which  the  second  part  of  the  tantalus  inter- 
sects the  first  part  may  be  found  by  substituting  2  n  :r  for  a  in  the 
value  of  V, 

in  which  the  single  sign  is  placed  before  the  radical  for  the  reason 
given  in  Art.  9. 

19.  The  equations  of  Art.  17  show  that  the  sides  of  the  rect- 
angle make  the  same  angle  with  the  lituus  and  spiral,  that  its 
diagonal  makes  with  the  tantalus. 

20.  The  triple  generation  of  Art.  13  may  be  otherwise  defined 
by  making  one  corner  of  a  rectangle  of  constant  area,  move  in 
the  lituus,  or  in  the  spiral. 

21.  In  Problem  I  of  the  paper  above  cited,  in  which  sin  a  v  is 
used  for  v,  I  discussed  only  integral  powers.    Let  us  now  take 

the  equation  p  =  -[/A  sin  a  v. 


\ 
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22.  This  gives  us 


^ A      a  COS  a  V      .       A    »^(4  —  o» )  gtn«  av\-a'^ 

^V~iin  ay  '        "~  IHnaw 

/)  =  -^ ;  tan  c  =•—  tan  a  v, 

4  («ifl  a  v)^ 

23.  These  values  show  us  that  two  asymptotes  pass  through 
the  origin,  one  at  right  angles  to  the  axis,  the  other  making  an 
angle  with  the  axis  equal  to  (i  —  J)  w. 

The  values  of  r  and  p  also  show  that  there  are  in  general  two 
cusps,  and  minimum  values  of  r  when  sin  a  v  =.  (-^  —  l)  •  -^^ 
the  sine  is  limited  to  unity,  these  cusps  disappear  when  a  exceeds 
1/2". 

24.  The  values  of  p  and  r  exclude  values  of  ar  which  come  in 
the  third  and  fourth  quadrants  from  consideration.  In  the  follow- 
ing paragraphs  I  will  also  omit  the  consideration  of  the  negative 
values  of  p  and  r. 

25.  For  a  =  ^,  the  cusps  are  at  the  points  v  =  29®  56',  c  z= 
46®  54',  ^  =  73®  2',  and  ^  =  286®  58'  and  r  =  u4  -7034,  while  the 
asymptotes  coincide,  or  rather  are  opposite  to  each  other.  The 
cusps  are  connected  on  the  left  by  two-thirds  of  an  oval,  in  the 
loose  sense  of  that  word. 

26.  For  a  =  1,  the  asymptotes  coincide,  and  for  the  cusps  we 
have,  V  =  35®  15',  e  =  54®  43',  <p  =  70®  32',  r  =  ^  i/TTs^- 

27.  For  a  =  J,  the  second  asymptote  makes  an  angle  of  55® 
with  the  axis  and  the  cusps  correspond  to  v  =  42®  33',  e  =  64®  8', 
^  zz:  68®  25'  and  75®  35'.  The  asymptotic  branches  cross  at  a 
point  for  which  v  =  72®,  and  as  a  is  enlarged,  the  cusps  approach 
each  other,  until 

28.  When  a  =  |/2  the  cusps  meet  and  disappear,  and  the  curve 
becomes  quasi-hyperbolic. 

29.  For  the  case  a  =  2  the  equations  readily  are  reduced,  b}' 
vol.  xxii,  28  A,  to  rectangular  coordinates ;  giving  xy  =z  i  A^; 
which  is  the  equation  of  an  equilateral  hyperbola. 
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SO.  When  a  ]>  2,  the  second  asymptote,  by  article  23,  makes  a 
negative  angle  with  the  axis ;  the  magnitude  of  which  is  limited 
to  —  in.  When  a  =  oo  and  the  second  asymptote  takes  this 
limiting  position,  p  fluctuates  between  the  values  A  and  0 ;  q 
fluctuates  between  0  and  oo  ;  while  the  naso,  if  I  may  so  name 
the  curve,  is  a  straight  line  parallel  to  the  two  asymptotes,  fluct- 
uating in  position  between  coincidence  with  them,  and  recession 
to  the  distance  A. 

81.  If  p  and  jPi  are  reciprocal,  we  have,  by  vol.  xxii, 

p  =/y,  g  =  i>p,  r  =  i/jpHF^>  tant=:f,cot€=:D  logp, 

Px  =  p  5^1  =  ^-»  ^  =  ^>  ^»  «i  =  —^'^  ^• 

In  other  words,  if  p  =  p^"*,  then  the  triangles,  whose  sides  are 
pqr  and  p,  7i  »*n  are  for  any  value  of  v,  similar,  and  symmetrically 

disposed  on  the  lino  p. 

82.  Let  p  =  i/Ja  ain^  y  +  &. 

Then^=p  +  2yp=:      ^^^-H^      =     ^(^+b^) 

which  shows  the  curve  to  be  an  ellipse  whose  principal  semi-axes 
are  |/C'»  ^TZ^^  and  B;  and  the  distance  apart  of  its  foci  is. 2  C. 

83.  The  rotation  of  the  last  curve  through  45""  gives  the  equa- 
tion   

p  z=  v^i  CMl  +  «»*  2v)  +  J33, 
and  if  B^  be  now  made  negative  and  equal  to  ^  (7^  this  reduces  to 
the  naso  of  article  29. 


84.  The  equation  p  =  \/A  8inay'\-B  readily  yields  us 

A*  (4  — o«)  Hn^av-^'^AB  (4  — a«)  <ifi  a  »  4- ffl  —  i<«  a« 

p  — . 

4  {Aiinav-^-B)* 

85.  When  a  =  1,  and  BzszAzuCPy  these  equations  reduce  to 
the  forms 


p  zn  0  i/(l  +  sin  y)     =0  {cos  ^  y  -|-  sin  J  v) 
P  =  iP         ,  r  =  i^3pa  +  2, 

which  are  manifestly  equations  of  an  epicycloid  of  two  cusps,  re- 
ferred to  the  centre  of  the  stationary  circle,  and  with  the  axis 
passing  through  the  cusps. 
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B6.  The  equations  which  Dr.  Watson  gave,  at  the  meeting  in 
1859,  for  caustics  by  reflection,  require  a  little  modification  when 
p  is  taken  as  I  propose.  Let  p  =  /.  v  be  the  equation  of  a  curve 
when  referred  to  an  axis  parallel  to  parallel  rays  of  light,  and  q 
=  Dy  p.  The  equation  of  the  caustic  pc=:fe-  v^will  then  be 
obtained  from  the  following,  which  are  manifest  from  the  geometry 
of  the  problem : 

Pc  =1  q,  cos  V  — p.  sin  v;  v  =  ^Vg  —  45*. 

37.  For  caustics  from  diverging  rays  let  p  =  /.  v  be  the  equa- 
tion of  a  curve  when  referred  to  the  radiating  point  as  origin. 
Then  geometrical  examination  gives  at  once,  if  we  use  17  for  ^ic'—  e, 

Pc  =  r  s(n2  7^  =zr  sin2  e;  v^  =  v  +  e.;  u  =:  Vg  —  «• 

38.  For  an  example  in  article  36,  take 

p  =z  Bj  which  gives  g  =  0, 
Pc  = — Bsinvzzi — Bsin (j- v^  —  45°) = — -^  (cos ^  v<. -|- sin i v^ ), 

which  is,  as  in  35,  the  epicycloid  that  it  should  be. 

39.  For  an  example  in  article  37  take  the  spira  mirabilis 

p  =  e^",  which  gives  cot  e  =z  a^  sin  2c  =  ^ 
r  =  |/l+a2.jp  =  1/1  +  a2.  e^c-««"« 

which  is  Bemouilli's  theorem  that  the  caustic  is  a  precisely  similar 
spira  mirabilis. 


A  Ststematio  Method  fob  ikdicatino   the   localities  of  a 

Ck>UNTBT,  AND  FOR   RaPIDLT  DiSCOVERIKO  PlACES  OK  A  MaP 
BT  MEANS  OF   LETTERS   OR   StMBOLS  ATTACHED  TO  THE  NaMES 

OF  Places  (copyright  secured).    By  J.  M.  Tomer,  of  Wash- 
ington, D.  C. 

ABSTRACT. 

While  making  some  geographical  studies  requiring  a  definite 
knowledge  of  localities  and  the  fixing  of  them  upon  a  map,  I  was 
struck  with  the  defects  of  all  the  systems  known  to  me  to  facilitate 
this  kind  of  work.    The  best  of  them  wastes  time  to  a  degree  that 
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the  busy  student  cannot  afford.  A  re-reference  to  a  place  con- 
sumes as  much  time  as  the  original  search.  Over  two  years  ago 
I  adopted  the  plan  here  set  forth,  and  exhibited  in  the  coloring  of 
the  map  of  the  United  States. 

My  siirrgestion  is  to  divide  a  country,  a  natir»n,  or  a  state,  into 
nine  divisions  in  the  following  manner.  Talcing  our  own  country : 
— First,  to  •divide  the  United  States  as  nearly  as  possible  from 
east  to  west  into  three  equal  divisions,  then  from  north  to  south 
the  same ;  this  order  of  division  it  will  be  seen,  with  the  angles, 
gives  a  section  for  a  central  and  all  the  cardinal  points  of  the 
compass,  by  which  name  I  now  would  designate  them. 

In  dividing  the  United  States,  or,  any  country,  I  would  preserve 
the  boundaries  of  states,  provinces,  or  territories,  and  in  dividing 
a  state  preserve  the  civil  divisions  of  county  lines.  Having  done 
this,  collect  the  names  of  all  the  localities  embraced  in  each  section, 
and  attach  to  each  its  appropriate  symbol,  then  arrange  them  all 
in  alphabetical  order.  The  list  is  then  ready  for  use.  This  has 
been  done  for  the  states  within  the  United  States  and  is  exhibited 
on  the  left  hand  margin  of  the  large  map.  In  designating  states 
the  letters  have  been  used  that  are  employed  to  designate  the 
points  of  the  compass.  An  example  of  the  application  of  this 
principle  to  counties  within  states,  is  given  on  the  margin  of  the 
map  of  Ohio  and  Indiana,  also  exhibited.  In  designating  counties 
a  symbol  has  been  used  instead  of  a  letter,  the  point  indicating  the 
section.  For  divisions  within  a  county  I  have  adopted  a  circular 
symbol  with  a  point,  as  in  the  square,  used  to  designate  the  locali- 
ties of  counties.  The  symbol  should  be  of  the  size  of  ordinary 
tj^pe  and  set  up  on  the  line  just  after  the  name  of  a  county  or 
town. 

The  advantage  gained  by  this  system  is,  that  the  moment  the 
eye  rests  upon  the  name  of  a  place,  the  symbol  is  also  seen,  which 
conveys  at  the  same  time  definite  information  as  to  locality.  This 
concurrent  mental  impression  is  of  great  value  and  must  always 
accompany  the  reading  of  the  name  that  has  a  symbol.  It  is 
rather  to  the  system  of  indicating  localities  that  I  wish  to  call 
attention  than  the  particular  division  represented  upon  the 
accompanying  maps.  Others  may  prefer  a  different  grouping  of 
the  states.  The  division  to  some  extent  is  an  arbitrary  one.  The 
alphabetical  list  of  states  with  the  letter  indicating  the  point  of 


A.    MATHEMATICS  AND   FHTSICS. 


49 


the  compass  prefixed,  cannot  fail  to  suggest  the  section  to  which; 
each  belongs. 


STATES. 

STATES. 

s. 

Alabama. 

S. 

Mississippi. 

N.W. 

Alaska. 

C. 

Missouri.    * 

S.W. 

Arizona. 

N.W. 

Montana. 

C. 

Arkansas. 

C. 

Nebraska. 

W. 

California. 

W. 

Nevada.. 

W. 

Colorado. 

N.E. 

New  Hampshire. 

N.E. 

Connectlcat. 

E. 

New  Jersey. 

N. 

Dakota. 

S.W. 

New  Mexico. 

E. 

Delaware. 

N.E. 

New  York. 

£. 

District  of  Colombia. 

E. 

North  Carolina. 

S.E. 

Florida. 

E. 

Ohio. 

S.E. 

Georgia. 

N.W. 

Oregon. 

N.W. 

Idaho. 

E. 

Pennsylvania. 

C. 

Illinois. 

N.E. 

Rhode  Island. 

C. 

Indiana. 

S.E. 

South  Carolina. 

C. 

Indian  Territory. 

C. 

Tennessee. 

C. 

Iowa. 

S. 

Texas. 

C. 

Kansas. 

w. 

Utah. 

C. 

Kentucky. 

rN.E. 

Vermont. 

8. 

Louisiana. 

E. 

Virginia. 

N.E. 

Maine. 

N.W. 

Washington. 

E. 

Maryland. 

E. 

West  Virginia. 

N.E. 

Massacbusetts. 

N. 

Wisconsin. 

N. 

Michigan. 

N.W. 

Wyoming. 

N. 

Minnesota. 

The  same  may  be  said  of  the  divisions  of  states  into  sections  to 
classify  the  counties.  [An  alphabetical  classification  of  the 
counties  of  Ohio  with  the  symbols  annexed  was  exhibited.  The 
application  of  the  principle  of  designating  localities  within  a 
county,  where  a  circle  is  used  instead  of  a  square,  was  also  ex- 
hibited.} 

The  convenience  and  the  utility  of  this  method  for  the  school- 
room, the  counting-house,  as  well  as  for  the  general  reader  will, 
I  apprehend,  be  appreciated  without  a  further  exposition  of  the 
system. 
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Ok  80MB  iNEQCALmsS  OF  LOKO  PERIOD  IN  THB  MOON*S  MOTION. 

By  John  N.  Stockwell,  of  Cleveland,  Ohio. 

If  we  denote  the  mean  and  trne  longitudes  of  the  moon  as  seen 
A*oni  the  centre  of  the  earth  by  nt  and  v,  and  the  mean  and  true 
distances  of  the  moon  from  the  same  point  by  a  and  r;  and  also 
neglect  the  eccentricity  and  inclination  of  the  moon's  orbit  in  the 
coefficients  of  the  disturbing  function,  the  general  differential 
equations  of  motion  will  give,  supposing  the  sum  of  the  masses  of 
the  moon  and  earth  to  be  denoted  by  ft 

in  which  the  ftinctions  (^^)  and  (fj^)  denote  the  negative  of  the 

disturbing  forces  in  the  direction  of  the  radius  vector  and  perpen- 
dicular to  the  radius  vector  in  the  direction  of  the  moon's  motion. 
Now  the  general  terms  in  the  development  of  the  disturbing 
forces  may  be  expressed  by  equations  of  the  following  forms. 

(^^)  =  m  cos  (/5  nt  +  at  +  e),  ('^^)  =  m'  sin Q^nt  +  a't  +  6%  (3) 

in  which  m  and  m'  are  constant  coefficients  depending  on  the  mass 
of  the  disturbing  body  and  on  the  mean  distances,  eccentricities 
and  inclinations  of  the  orbits ;  /5,  /5'  are  whole  numbers  or  nothing ; 
a,  a'  are  coefficients  depending  on  tlie  longitude  of  the  sun  and 
on  the  positions  of  the  perihelia  and  nodes  of  the  two  orbits ;  and 
^,  6'  are  arbitrary  constant  quantities  which  serve  to  make  the 
equations  satisfy  any  required  conditions. 

If  these  general  values  of  (^^)  and  (^^)  be  substituted  in 

equations  (I)  and  (2)  they  will  give, 

%  =  -     _      «.'»m(8«+^ g.^  ^^^^  +  ««  +  ») 

I !n  m' ««  .     ,^        .  '         ^*' 

+  v^  «.•„+»+.•)  a.«-«+.T  «'°  ('^«*  +  »'*  +  ^) 


2m'  n*  > 
COB  (B'tU  +  a'<  +  6')  > 
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Equation  (5)  giyes  by  integration 

a  nm  cos  9  anm  

~  JiL(pn-{-n+ a)  iPn-n+ay  vS* On-f  n+a)(/3n-n+a)  ^*  ^^ *^^^) 

2  m'n«  cos  0' 

4-  -r= (6) 

Va^0'n+n+a')0'n-n+a')(/3'n+a')  ^  ' 

2m'  n* 

It  is  evident  that  tbis  solution  fails  for  the  particular  case  in  which 
a'=  0^  and  fi^=zO;  because  the  last  two  terms  would  in  that  case 
become  infinite.  It  would  also  become  inaccurate  for  that  class  of 
inequalities  which  arise  solely  from  the  variation  of  the  elements 
of  the  earth's  orbit.  The  case  in  which  a'z=  ^,  /5'=:  0,  evidently 
corresponds  to  the  motion  of  a  body  in  a  circular  orbit  through  a 
resisting  medium  of  uniform  density,  which  would  produce  a  con- 
stant negative  tangential  force.  The  case  also  of  a  tangential 
force  arising  from  the  variation  of  the  eccentricity  of  the  earth's 
orbit,  would  also  be  comprised  in  the  general  form  a'  znO^  P'  z=.0  \ 
and  we  shall  give  a  special  development  of  formulae  for  these  two 
cases. 

For  inequalities  of  long  period  fi  =zO^  fi'z=0^  and  a,  a',  are  in- 
comparably smaller  than  n,  as  it  is  then  independent  of  the  sun's 
longitude,  and  is  simply  a  function  of  the  variations  of  the  ele- 
ments of  the  orbits  of  the  sun  and  moon. 

If  we  therefore  put  /9  =  (?,  /S'  =  (?,  n ±  a  :=  n,  and  n  ±  a'  =  n,  in 
equation  (6)  it  will  become 


iamn  ^  amn  ,   ^    »     „\ 

1  -f  — iz—    cos  d  —      _      COS  (at  •+•  6) 

—      _        COS  6^  +       -.      COS  (at  +  ff)   \ 


,  (7) 


If  we  substitute  this  value  of  r  in  equation  (4)  it  will  become 

dV  ^  J^^  j  1 ?^C08  B  +  J^OS  9'  -i-!i^C08(a<  +  »)-.-^C08(a7+«')  \  .(8) 

If  we  put  n  =  ^,  equation  (8)  will  give  by  integration, 
If  we  now  substitute  the  values  of  m,  m'l  and  also  the  corres- 
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ponding  yalues  of  a,  a',  9  and  B\  we  shall  obtain  the  expressions 
for  the  Inequalities  of  long  period  (properly  so  called),  depending 
on  those  arguments.  Equation  (9)  will  also  giye  the  values  of 
the  secular  inequalities  arising  from  the  secular  yariations  of  the 
central  force ;  but  for  secular  yariations  of  the  tangential  force 
m\  the  expression  would  become  inaccurate  by  reason  of  the  ex- 
treme smallness  of  the  diyision  a\  as  already  obseiTcd. 

We  will  now  illustrate  the  use  of  formula  (9),  by  some  applicar 
tions  to  inequalities  in  the  moon's  motion  that  are  well  known  to 
astronomers.  For  this  purpose  we  shall  observe  that  the  analyt- 
ical development  of  the  function  (|^)  gives  the  following  term 

—  ^  ««  ^'^'  ^'»  l>eing  the  eccentricity  of  the  earth's  orbit,  which  is 
variable  from  the  action  of  the  other  planets.  This  term  may  be 
reduced  to  the  same  form  as  equations  (3),  by  putting  €f^=zh  cos 
(a^-|-^),  in  which  A,  a  and  6  are  constant.  There  are  no  corres- 
ponding terms  in  the  development  of  (^J) .    We  must  therefore 

put  m  =  —  f  a*  ^)  ^^^  m'  =  ^,  in  equation  (9),  and  it  will  then 
become 

r  =  n<  jl+ J  — *co8*  I  —  J^^A8in(a«  +  *).    (10) 

In  order  to  reduce  this  formula  to  numbers,  we  must  know  the 
values  of  A,  a  and  ^,  which  depend  on  the  variation  of  the  eccen- 
tricity of  the  earth's  orbit ;  and  also  the  values  of  m^  and  n. 

Now  I  find  that  e'  ^  is  very  accurately  given  by  the  following 
formula 

«'«  =  0-00010e774  COS  (9".  8885<  +  46*  15'  ll"-7),    (11) 

in  which  t  denotes  the  number  of  Julian  years  from  1850 ;  t  being 
negative  for  times  preceding  that  epoch.  This  very  simple  value 
of  e'  3  will  give  the  actual  value  of  the  eccentricity  at  all  times 
during  a  period  of  5,000  years,  antecedent  to  the  epoch  of  1850, 
with  as  much  precision  as  the  ordinary  development  of  the  same 
quantity  in  an  infinite  series,  when  the  series  is  extended  so  as  to 
include  terms  depending  on  the  fourth  power  of  the  time.  Now 
m^  denotes  the  product  of  the  sun's  mass  by  the  cube  of  the  ratio 
of  the  moon's  distance  to  that  of  the  sun.  Beduced  to  numbers 
it  becomes,  log.  m^  =  97.7532136.  Equation  (10)  will  therefore 
become,  by  using  for  n  the  value  of  the  moon's  mean  motion  in  a 
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Julian  year,  and  transforming  the  last  term  so  that  it  shall  become 
equal  to  nothing  when  ^  =  o,  as  follows, 

v  =  nt  —  40".90028.<  — 1706628"  Bin  |  al  cob  |  a<  + 1782968"  Bin  s|  a<.    (12) 

If  in  this  we  substitute  the  value  of  a,  and  also  make  ^  =  ±  200, 
we'  shall  obtain  the  amount  of  the  secular  inequality  during  a 
period  of  200  years  before  or  after  1850,  and  we  shall  find,  for  t 
=  —200,  v  =  n*  +  40."70,  and  for  <  =  -|-200,  v  =  n^  +  41."12, 
which  values  would  correspond  to  a  coefficient  of  about  10/^23  for 
the  first  century  before  or  after  the  epoch. 

Since  e'^=ih  cos  ^,  at  the  epoch,  it  is  evident  that  the  term, 

i  ^~  h  cos  8  J  represents  the  whole  effect  of  the  eccentricity  of 

the  earth's  orbit  on  the  moon's  mean  motion  at  that  epoch.  Now 
this  mean  motion  would  be  constant  provided  that  &  ^  were  con- 
stant ;  but  it  is  evident  that  if  e'  ^  were  variable  by  the  quantity 
Je'^,  the  mean  motion  of  the  moon  in  a  Julian  year  would  vary  by 

the  quantity  |  —.-Ae'^.     If  we  now  suppose  that  <  =  —  60  in 

equation  (11),  we  shall  find  Je' ^  =  0.000000703481 ;  and  sub- 
stituting  this  value  in  the  preceding  term  we  shall  find  that  the 
variation  of  the  mean  motion  between  the  beginning  and  middle 
of  the  present  century  amounts  to  0.'1022869.  As  this  is  the 
variation  of  the  mean  motion  in  fifty  years,  if  we  multiply  it  by 
100,  we  shall  have  the  whole  effect  of  the  variation  of  the  eccen- 
tricity of  the  earth's  orbit  on  the  moon's  longitude  during  the  first 
century  preceding  1850,  equal  to  10."22869,  a  quantity  closely 
approximating  to  the  early  determinations  of  the  value  of  the  sec- 
ular inequality. 

Let  us  now  apply  the  same  formula  to  the  investigation  of  the 
inequality  of  long  period  in  the  moon's  mean  motion  depending  on 
the  action  of  Venus^  or  rather  to  that  part  of  it  which  arises  from 
the  variation  of  the  elements  of  the  earth's  orbit  depending  on  the 
same  cause,  and  which  has  already  been  discussed  by  Hansen, 
Delaunay  and  Newcomb.  Taking  the  data  given  by  Airy  and 
Font6coulant,  I  find  that  the  expression  of  the  radius  vector  of 
the  earth's  orbit  contains  the  term  4-  a' [92.89127]  cos  at^  the 
coefficient  in  brackets  being  a  lo'garithm,  and  a  being  equal  to 
eight  times  the  mean  motion  of  Venus  minus  thirteen  times  the 

mean  motion  of  the  earth.     Th6  term  of  (^)  will  therefore  be- 
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come  }-~5-  [92.39127],  and  log.  a  =  96.49564.  It  is  evident 
that  ( ^)  does  not  contain  any  similar  teroiy  when  the  direct  ac- 
tion of  the  planet  on  the  moon  is  neglected.  We  must,  therefore, 
put  m'  =  0^  and  m  equal  to  the  above  term  of  (^) ,  and  we  shall 

obtoin  Jv  =  +  0.''2723  sin  {at  -f-  B)^  a  value  identical  with  that 
obtained  by  Delaunay,  as  quoted  by  Airy,  in  MoiUhiy  Notices  of 
the  Royal  Astronomical  Society  for  November,  1873. 

As  a  third  example  I  will  now  attempt  the  computation  of  the 
inequality  of  long  period,  depending  on  the  sun's  action,  and  which 
has  for  the  argument,  the  double  of  the  longitude  of  the  node  of 
the  lunar  orbit  plus  the  longitude  of  its  perigee,  minus  three  times 
the  longitude  of  the  sun's  perigee.  The  value  of  the  coefficient 
of  this  inequality  has  never  been  computed,  so  far  as  I  am  aware, 
and  it  is  an  object  of  importance  to  determine  it. 

The  whole  difficulty  in  determining  the  value  of  the  inequality 
consists  in  finding  the  coefficients  of  cos  (3<tf'  —  m  —  22),  in  the 

value  of  ( ~) ,  and  the  coefficient  of  the  sine  of  the  same  angle  in 

the  value  of  (^^)-    The  computation  of  these  coefficients  is  a 

matter  involving  great  labor,  and  I  can  here  give  6nly  a  general 
indication  of  the  method  employed,  and  the  various  steps  of  the 
process. 
The  argument  of  this  inequality  arises  from  the  development  of 

the  term  -^  ^^  cos^  9  cos  3  (v  -  v'),  in  the  expression  for  (^^)  ;  and 

also  from  the  term  -^  ^^  cos^  9  sin  3  (v-v),  in  the  value  of  (^^)  ; 

and  the  coefficient  contains  the  product  of  the  factors  ee'^j^. 

Therefore,  in  the  computation  of  this  coefficient,  we  need  take  into 
consideration  only  the  following  terms  of  the  expressions  of  r,  f 
and  9\  namely: 

r  =  a  <  1  —  a  coa  (n<  —  m)  >, 

r'  =  a'  .^1  — 6'coB(n'<  —  »')  — i  «•«  coa  2  (n'l  — •')  —  !« '»  cos  8  (»'<  —  •»')>, 

ooa  0  =  1  -f  i y  '  coa  8  (fi<  —  O) ^  jk  ey  scoa  (n<4-«~2  0)  +  4ey  *coa  (3 fi<  —  m -> 2 O); 

and  also  the  terms  containing  the  corresponding  powers  of  6,  c* 

» 

and  ^,  in  the  expression  of  the  angle  3  (<>-oO.  It  should  be  ob- 
served that  9  here  denotes  the  latitude  of  the  moon. 
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Now  it  is  convenient  to  divide  the  process  into  two  parts,  as 
follows:     We  must  first  form  the  products  of  the  three  factors 

^  cos3  Sj  and  ^  cos^  ^,  which  will  consist  of  about  fifty  terms, 

each  having  different  arguments  and  coefficients.  In  the  formation 
of  the  products  we  must  reject  all  the  terms  which  would  have  e^ 
or  y^  for  a  factor,  but  we  must  retain  all  the  terms  containing 
either  of  the  first  three  powers  of  e'.  These  products  being  formed 
we  must  then  develop  the  sine  and  cosine  of  3  (v-v'),  retaining 
all  the  terms  having  similar  powers  of  c,  e'  and  ;'.  The  develop- 
ment of  these  terms  is  much  more  laborious  and  extensive  than 
that  of  the  other  factor,  and  comprises  about  two  hundred  terms, 
having  coefficients  greater  than  ee'^y^.  Then  in  multipljung 
these  developments  together  we  need  retain  only  the  terms  having 
arguments  in  which  the  mean  motions  of  the  sun  and  moon  enter 
with  the  same  combinations ;  the  formation  of  the  product  will 
then  eliminate  the  mean  motions  and  leave  the  argument  depend- 
ing only  on  the  variation  of  the  elements.     For  example,  we  shall 

find  that  the  development  of  the  term  -^cos^  0  gives  the  term — 8e 

cos  {nt  —  ctf),  and  that  of  sin  3  (v  -  v'),  gives  the  term  -f-  J  e'^  r* 
sin  (nt  —  S(o'  -f-  2fi).  The  product  of  these  two  terms  will  then 
give  the  term  +  i  ^^'^  ^2  sin  (3tt>'  —  at  —  2Q).      We  shall  also 

find  that  we  have  the  terms,  -|-  H  ^^  T^  ^^^  (^^  —  ^'*  —  ^^'  "t" 
2i?),  and  6  ee'cos  {nt  —  n't  —  ai  -}-  w')  ;  and  the  product  of  these 

gives  the  term  +  -W-  ^^'^  y^  ^^^  ^^' —  ^  —  2^)*  -^^^  ^y  care- 
fully comparing  the  developments  of  the  two  factors,  we  shall  find 
that  there  are  sixteen  terms  in  each,  having  arguments  and  coeffic- 
ients which,  by  combination,  will  produce  the  preceding  equation 
of  long  period;  and  if  we  put  the  sum  of  these  terms  for  the 
perturbing  function,  we  shall  find, 

(dK\  26595  m*       .,    «  ,01  on\ 

^^  (^)  =  -  m  %  «^''  r"  Sin  (3a,'  _  0,  -  2fl). 

The  development  of  the  process,  just  explained,  has  been  made 
with  great  care,  and  I  have  considerable  confidence  in  the  correct- 
ness of  the  results  obtained ;  but  on  account  of  the  intricacy  of 
the  subject,  the  development  ought  to  be  repeated  in  detail  by 
some  other  person,  and  the  results  compared. 
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If  we  now  put  m  =  -^5««"  r^  m'  =  —^^ee"  r»,  and 

a  =  a'  z=  3a»'  —  a»  —  2fi  =  —  00004064235.n,  in  equation  (9), 
we  shall  obtain  -^-O/'OOIG  for  the  value  of  the  coefficient  arising 
from  the  variation  of  the  central  force,  and  +1."5356  for  the  coef- 
ficient depending  on  the  tangential  component  of  the  disturbing 
force.^ 

It  may  excite  remark  that  the  tangential  component  of  the  dis- 
turbing force,  which  is  only  about  one-fourth  part  of  the  radial 
disturbing  force,  should  nevertheless  produce  an  effect  on  the 
moon's  longitude  almost  one  thousand  times  greater.  This  arises 
from  the  fact  that  the  terms  of  perturbation  arising  from  the  tan- 
gential forces,  by  means  of  the  double  integration  receive  the 
square  of  the  coefficient  of  t  in  the  expression  of  the  argument  as 
a  divisor;  whereas  the  terms  of  the  longitude  arising  from  the 
perturbing  fbrce  in  the  direction  of  the  radius  vector,  notwith- 
standing they  also  suffer  two  integrations,  only  acquire  the  first 
power  of  this  coefficient  as  a  divisor,  and  for  this  reason  it  ac- 
quires only  an  insensible  value.  Putting  the  two  coefficients 
together  we  get  l."5372  sin  (3at'  —  w  —  2i2)  for  the  inequality  of 
long  period  due  to  the  sun's  action  and  depending  on  the  proposed 
argument.  This  quantity  is  hardly  of  sufficient  magnitude  to  be 
of  much  importance  in  the  present  state  of  the  lunar  theory ;  and 
yet  it  is  large  enough  to  make  it  desirable  to  have  the  whole  calcu- 
lation repeated  with  great  care,  inasmuch  as  a  mistake  in  the  sign 
of  some  of  the  numerous  terms  of  which  its  coefficient  is  com- 
posed, would  be  sufficient  to  give  it  a  coefficient  large  enough  to 
make  it  an  important  element  in  the  theory  of  the  moon's  motion ; 
and  I  most  earnestly  hope  that  some  abler  mathematician  than 
myself  may  be  induced  to  repeat  the  whole  investigation. 

We  have  already  remarked  that  equations  (6)  and  (9)  fail  to 
give  accurate  results  for  the  particular  case  in  which  a'  z=  0,  be- 
cause the  coefficients  depending  on  this  quantity  then  become  infi- 
nite. In  order  to  develop  formulae  for  this  particular  case  we 
shall  resume  the  consideration  of  equations  (1)  and  (2)  ;   and 

shall  suppose  that  (^)=  0,  and  (-^)  =  m'.  Equations  (1)  and 
(2)  will  then  give,  m'  being  constant, 
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__co8«^y  2am'ndt  sin  nt  — ^^^  f  2arrCndt  cos  nt 

^  Vat^^  Van  ^ 


_.  _  2a^  J  cos3  n«  +  sin9  nt\=i  — 


2  am' 


.(14) 


Vail 

Equation  (14)  gives  by  integration, 

r  =  a[l  —^,.t\.  (15) 

i  VofiL      y 

This  equation  shows  that  a  constant  positive  tangential  force  con- 
tinually increases  the  radius  vector,  while  a  constant  negative 
tangential  force,  which  would  result  from  the  motion  of  a  body  in 
a  resisting  medium  of  uniform  density,  would  in  like  manner  per- 
petually decrease  the  radius  vector.  The  effect  of  a  resisting 
medium  in  the  planetary  spaces  would  therefore  have  a  tendency 
to  decrease  the  mean  distances  of  the  planets  from  the  sun  and 
from  each  other. 

If  we  now  substitute  the  value  of  r  given  by  equation  (15),  in 
equation  (13),  it  will  become 

"^  =  ^\^  +  %'\=n+'-^.t.    (16) 

This  equation  gives  by  integration 

v  =  nt+^  ^^- 1^.   (17) 

If  the  tangential  force,  — m',  is  positive  it  produces  a  retardation 
of  the  moving  body,  and  a  contrary  effect  if  the  tangential  force 
is  negative. 

To  leave  no  doubt  on  this  important  point  we  shall  give  the  fol- 
lowing additional  demonstration.  If  we  neglect  the  inclination  of 
the  orbit,  the  general  equation  which  expresses  the  relation  be- 
tween the  variation  of  the  mean  distance  and  the  forces  producing 
the  variation,  is  the  following : 

^'a  =  H"f)^r  +  ^  (f )  ^^'      (18) 

and  if  we  consider  the  effect  of  only  the  tangential  force  (^^  =  m', 

and  also  suppose  that  the  mean  distance  and  mean  motion  at  the 
epoch  are  denoted  by  a^  and  n^,  equation  (18)  will  give 

da  =  —  2a/  ~  dv  =  —  2a/  ^-  dt.    (19) 
Equation  (19)  gives  by  integration 
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Now  since  the  mean  motion  at  any  time  is  equal  to  —n **» 

equation  (20)  will  give  n  =  n^  j  1  +  ^ '^' \  t\.     (21)     Multi- 

plying  this  equation  by  dt  and  integrating  we  get 

V  =fndt  =  n,«  +  §  =^- .  <a,  (22) 

which  is  identical  with  equation  (17),  already  found  by  a  different 
method,  since  a^,  n^  are  equal  to  a,  n,  respectively,  at  the  epoch. 
It  is  but  proper  to  observe  that  equations  (17)  and  (22)  may  be 
deduced  from  the  general  value  of  t;  given  in  equation  (9),  by 
developing  sin  {a't  -|-  ^),  and  afterwards  putting  sin  a'<  z=  o'^, 
and  cos  a't=\—i  a'^  ^. 

If  we  now  suppose  that  m'  =  ±  f  —  Je'*,  Je'^  denoting  the  vari- 
ation of  e'^  during  half  a  century,  equation  (17)  or  (22)  will  give 

V  =  ni  ±  1 1'  Je'a  na  ^.  (23) 

Reducing  this  formula  to  numbers  it  becomes  v  =  n*  ±  6."4438"^, 
t  denoting  the  number  of  Julian  years.  Therefore  a  constant  tan- 
gential force,  which  is  equal  to  the  change  of  the  central  force, 
arising  from  the  variation  of  the  eccentricity  of  the  earth's  orbit 
during  fifty  years,  would  produce  a  secular  equation  amounting 
to  ±  64488''.t^,  in  which  i  denotes  the  number  of  centuries  before 
or  after  the  year  1850.  The  magnitude  of  this  equation  shows 
how  extremely  sensitive  the  moon's  motion  is  to  the  influence  of 
forces  of  this  character ;  and  if  we  compare  it  with  the  equation 
resulting  from  an  equal  central  force,  we  shall  perceive  that  a 
positive  tangential  force  which  is  equal  to  the  six-thousandth  part 
of  the  central  force  which  produces  the  acceleration,  would  have 
the  effect  to  neutralize  the  inequality  produced  by  this  latter  force, 
and  the  moon's  longitude  would  always  remain  the  same  as  if 
neither  disturbing  force  existed. 

If  the  tangential  force  were  negative,  which  would  be  the  case 
if  it  were  produced  by  a  resisting  mcd  um,  the  moon's  longitude 
would  be  continually  increased  and  its  distance  from  the  earth 
would  perpetually  decrease  from  the  operation  of  this  cause. 

In  conclusion  we  may  observe  that  La  Place  has  shown  (Mecan- 
ique  Celeste,  book  II,  chapters  VII  and  VIII)  that  there  can  be  no 
terms  of  the  form  we  have  here  considered,  when  the  mean  motions 
of  the  bodies  of  the  lystem  are  incommensurable  with  each  other ; 
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and  the  subject  has  been  introduced  here  for  the  purpose  of  show- 
ing that  an  inconceivably  small  force  of  the  character  here  con- 
sidered would  be  extremely  sensitive  in  its  effect  on  the  moon's 
motion,  and  it  was  desirable  to  ascertain  the  possible  effects  of 
such  forces,  inasmuch  as  the  opinion  is  held  by  some  astronomers 
that  the  secular  equation  in  the  mean  motion  of  the  moon  is  modi- 
fied to  an  important  extent  by  forces  of  the  same  character. 


On  a  New  Meteorological  Instrumekt.    By  J.  W.  Osborne,  of 
Washington,  D.  C. 

The  study  of  Meteorology  has  always  possessed  great  attrac- 
tions for  those  investigators  who  desire  rapid  practical  results  for 
the  aid  and  benefit  of  mankind. 

Of  scientific  men  there  has  been  a  large  proportion,  both 
workers  and  theorizers,  who  have  labored*  in  this  field ;  but  it  is 
chiefly  of  late  years  that  great  and  important  advances  have  been 
made.  Not  only  have  the  means  of  observing  atmospheric  phe- 
nomena been  improved,  but  the  observations  themselves  have  been 
systematically  extended  over  vast  tracts  of  country,  and  have,  by 
the  help  of  the  telegraph,  been  collected  with  such  rapidity,  as  to 
greatly  increase  their  scientific  as  well  as  practical  value.  Great 
results  have  been  the  legitimate  consequence  of  the  large  expendi- 
tures of  labor  and  money  which  such  records  demand;  results 
which  have  been  appreciated  by  the  general  public,  and  still  more 
thoroughly  by  scientific  men;  and  which  would  now  be  very 
unwillingly  dispensed  with  by  either  class.  But  it  will  be  seen 
that  these  facts,  however  valuable  and  important,  are  all  of  an 
essentially  objective  character.  We  are  informed  both  for  the 
past  and  future  respecting  atmospheric  pressure,  and  temperature ; 
of  the  direction  and  force  of  the  wind ;  of  the  relative  quantity  of 
moisture  present,  and  of  the  amount  of  rain, — in  a  word,  of  all  the 
available  facts,  external  to  the  earth  we  stand  on,  and  to  our  own 
bodies,  which  scientific  and  material  resources  can  supply.  These 
things  have  a  bearing  upon  our  comfort  and  prosperity ;  they  affect 


60  A.    ICATHEMATICS    AKB   PHYSICS. 

ns  as  merchants,  traders,  agricalturists  and  manafacturers ;  and 
the  information  is  conveyed  in  a  form  directly  applicable  to  our 
wants ;  but  we  do  not,  procure  from  such  statements,  any  distinct 
or  precise  knowledge  of  the  manner  or  the  degree  in  which  they 
affect  us  personally. 

It  is  hardly  too  much  to  assert  that,  at  the  present  day,  after 
years  of  laborious  research,  the  meteorologists  furnish  no  data  from 
which  it  is  possible  to  deduce  the  subjective  character  of  any 
given  elimate,  or  its  effect  upon  the  human  body.  We  might  go 
farther  and  say — of  life  upon  the  face  of  the  earth. 

This  is  certainly  true  if  we  seek  for  a  numerical  expression 
which  shall  make  possible  the  comparison  of  the  climate  of  one 
place  with  that  of  another ;  or  of  the  same  place  at  different  times 
of  year ;  or  the  climate  of  indoors  with  that  of  the  open  air ;  for 
we  cannot  grasp  in  a  single  expression  the  several  meteorological 
elements  affecting  us,  referred  as  each  is  to  a  totally  different  unit 
of  measurement.  Considerations  like  the  foregoing  have  caused 
me  to  attempt  the  construction  of  an  instrument  which  would  fur- 
nish the  information  sought,  or  such  an  approximation  towards  it, 
as  would  add  definitely  to  our  knowledge,  and  lay  a  foundation  for 
future  developments  in  this  direction. 

Confining  myself  at  present  to  considerations  affecting  the 
human  body,  I  will  preface  the  description  of  the  instrument  itself, 
by  drawing  attention  to  the  following  facts. 

If  an  effort  is  made  to  realize  the  nature  of  the  influence  which 
the  elements  exert  upon  the  body  of  a  man,  it  will  appear  that  the 
prominent  and  leading  effect  they  tend  to  bring  about  is  a  change 
in  his  temperature.  This,  for  certain  of  the  meteorological  ele- 
ments, may  be  either  a  raising  or  a  lowering  of  the  bodily  heat ; 
but  taken  together,  their  joint  and  total  effect  must  tend  at  all 
times,  and  in  every  habitable  climate,  to  dissipate  and  reduce  the 
normal  heat  of  the  body. 

K  this  were  not  so,  the  oxidation  within  the  organism  would 
cause  an  increase  in  the  temperature  of  the  blood  and  viscera, 
thereby  establishing  a  state  of  things  inconsistent  with  health,  and 
with  life  itself,  for  any  length  of  time.  It  must  not  be  lost  sight 
of,  therefore,  in  considering  this  subject,  that  the  body  of  a  living 
healthy  man  is  a  mass  of  hot  matter,  cooling,  and  having  its  lost 
heat  perpetually  supplied  by  physiological  changes,  in  quantity 
sufl^cient  to  maintain  a  uniform  thermal  standard  of  about  98^°  F 
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And,  whatever  the  causes  of  this  loss  may  be,  we  say  when  it  is 
rapid  that  the  weather  is  cold,  and  when  slow  that  it  is  hot.  In 
the  one  case,  the  functions  are  called  upon  to  make  up  the  deficiency 
rapidly,  and  in  the  other  to  facilitate  the  dispersion  of  the  body's 
superfluous  and  injurious  warmth. 

The  temperature,  as  shown  by  the  thermometer,  is  very  com- 
monly, I  might  almost  say  universally,  accepted,  as  indicating  the 
thermic  influence  acting  upon  us,  and  we  speak  of  its  readings  as 
if  they  expressed  in  some  way  the  sensible  temperature  with  .which 
the  living  organism  has  to  deal.  That  this  is  an  error,  and  a  very 
pernicious  one,  a  moment's  reflection  will  serve  to  show.  The  day 
is  hot  and  oppressive,  if,  at  80°  F.,  the  air  is  damp  and  still ; 
while  with  a  breeze  and  dry  atmosphere,  it  is  fresh  and  pleasant. 
Or,  if  in  winter  the  thermometer  fall  to  20°  F.,  no  inconvenience  is 
felt  so  long  as  it  is  perfectly  still ;  but  should  it  blow  hard,  then 
the  cold  will  be  almost  unendurable. 

Accordingly,  what  I  shall  call  the  physio-thermal  effect,  appears 
to  be  the  joint  result  of  several  influences,  acting  simultaneously, 
each  affecting  in  variable  degrees,  and  often  in  contrary  ways,  the 
rate  at  which  the  body  cools. 

The  three  great  factors  which  together  determine  the  sensible 
climatic  heat,  are  the  temperature  of  the  air  at  the  time ;  the  rela- 
tive amount  of  aqueous  vapour  present ;  and  the  force  or  velocity 
of  the  wind.  The  first  acts  by  accelerating  or  retarding,  and 
sometimes  altogether  neutralizing  radiation  from  the  hot  human 
body.  The  second,  that  is  the  moisture,  promotes  or  hinders 
evaporation  from  the  skin  and  lungs,  in  variable  degrees,  deter- 
mining in  like  proportion  the  consequent  loss  of  heat.  The  wind 
acts  in  two  ways ;  first,  as  a  convector,  it  removes  from  the  body 
with  greater  or  less  rapidity  the  warmed  film  surrounding  it, 
bringing  cooler  air  in  its  place  to  be  warmed  up  again  in  its  turn ; 
this  action  being  of  course  reversed  in  those  cases  where  the  exter- 
nal temperature  is  above  98  j^°  F. :  and  secondly,  for  a  similar 
reason,  the  wind  acts  in  all  cases  as  a  promoter  of  evaporation 
(except  when  perfectly  saturated  with  moisture  at  or  above  the 
temperature  of  the  surface  of  the  body),  the  refrigeration  bearing 
some  relation  to  the  rate  at  which  it  travels. 

The  problem  I  have  sought  to  solve  then  is,  to  fhrnish  means  by 
the  help  of  which  we  may  express  numerically  and  comparably 
that  which  hitherto  has  been  left  to  vague  conjecture  and  state- 
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ment,  namely:  the  aggregate  of  the  physio-thermic  influences 
which  affect  the  living  human  body  at  any  particular  time  and 
place. 

Without  going  into  minute  details,  the  instrument  I  have  in- 
vented is  constructed  as  follows.  / 

A  pole,  or  standard  about  six  feet  high,  made  of  a  strong  brass 
tubing,  is  held  upright  by  a  heavy  foot  or  base. 

At  right  angles  from  this,  and  in  the  same  direction,  three  arms 
or  brackets  extend.  These,  while  they  slide  up  and  down  on  the 
standard,  can  be  clamped  at  such  places  as  suit  the  height  of  the 
observer. 

The  middle  bracket  is  nine  or  ten  inches  long,  and  carries  at  its 
outer  extremity  a  horizontal  cylindrical  ring  of  thin  brass  about 
four  inches  in  diameter. 

From  the  lower  edge  of  this  ring,  and  held  fast  to  it  by  a  strong 
rubber  band  or  clamp-ring,  there  hangs  a  cylinder  made  of  "  bond," 
or  bank-note  paper.  This  cylinder  is  exactly  100  millimetres  in 
diameter,  and  150  long.  It  is  made  upon  a  turned  mandrel,  and 
closed  up  the  side  by  the  use  of  a  thick  mucilage  of  albumen, 
dried,  and  then  coagulated  by  immersion  in  wet  steam.  This 
method  gives  a  very  narrow,  strong  seam,  which  absorbs  water 
like  the  rest  of  the  paper. 

Into  the  open  bottom  of  the  paper  cylinder  a  very  thin  disk  of 
brass  is  fitted,  and  held  there  by  a  second  rubber  band  or  clamp- 
ring. 

The  vessel  so  constructed  is  intended  to  hold  water.  The  paper 
which  forms  its  walls  can  be  removed  and  replaced  at  any  time, 
without  altering  its  capacity,  or  the  relation  between  its  bulk  and 
surface.  The  upper  edge  of  the  brass  ring,  from  which  the  paper 
cylinder  hangs,  is  provided  with  a  flat  brass  cap.  Through  the 
centre  of  this  a  short  tube  or  socket  extends.  This  revolves  in 
the  cap,  fitting  into  a  suitable  bearing  for  that  purpose.  It  termi- 
nates above  in  a  small  horizontal  pulley,  with  a  hole  through  its 
centre,  while  to  its  lower  end  an  agitator  is  attached. 

The  agitator  consists  of  a  narrow  strip  of  thin  metal  formed  into 
a  spiral,  which  makes  four  revolutions  from  the  top  to  the  bottom 
of  the  cylinder.  When  this  is  made  to  rotate,  it  sweeps  the  inside 
surface  of  the  paper  cylinder,  but  without  touching  it.  From  the 
brass  disk  below,  three  vertical  stationary  blades,  placed  radially, 
rise  to  the  level  of  the  top  edge  of  the  paper.    These  blades  leave 
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still  an  unoccupied  yspace  in  the  centre  of  the  cylinder ;  and  be-, 
tween  their  outer  edges  and  the  paper,  the  spiral  revolves  freely. 
The  object  of  the  blades  is  to  hold  the  water  contained  in  the 
cylinder  from  revolving,  so  that  the  spiral,  when  in  motion,  may 
cause  a  constant  current  down  the  inside  surface,  and  up  the  centre 
of  the  cylinder.  The  lower  of  the  three  brackets  carries  at  its 
extremity  an  upright,  adjustable,  slender  pin  of  wood,  which  fits 
easily  into  a  little  projecting  socket  attached  to  the  centre  of  the 
under  side  of  the  disk,  which  forms  the  bottom  of  the  cylinder, 
and  prevents  the  paper  suffering  from  lateral  impulses  given  it  by 
the  wind,  or  when  it  is  being  moved  from  place  to  place. 

The  upper  bracket  carries  a  thermometer  on  its  outer  end.  This 
is  exactly  over  the  axis  of  the  cylinder,  so  that  when  it  is  lowered, 
the  bulb,  which  extends  seven  or  eight  inches  below  the  scale, 
passes  through  the  horizontal  pulley  and  short  tube  connecting  it 
with  the  agitator,  and  takes  its  place  in  the  centre  of  the  mass  of 
water,  in  which  position  it  is  clamped.  This  thermometer  is  pro- 
vided with  a  centigrade  scale.  Its  tube  is  ground  flat,  and  pol- 
ished on  two  opposite  surfaces  parallel  to  the  ribbon  of  mercury. 
The  scale  to  which  it  is  attached  is  pierced  by  a  narrow  slit  which 
extends  from  zero  upwards  to  100^.  By  this  means  I  succeed  in 
getting  rid  of  the  reflection  from  the  cylindrical  surface  of  the 
tube,  and  can  watch  the  column  of  mercury  as  it  appears  projected 
against  a  little  white  screen  adjustable  behind  the  scale.  A  sliding 
cross  hair  parallel  to  the  lines  of  division  on  the  scale,  and  sup- 
ported about  an  inch  in  front  of  the  latter,  is  also  used  to  fix  the 
position  of  the  eye  when  reading,  and  so  avoid  parallax.  This 
slide  is  connected  with  a  long  screw  at  the  side  of  the  scale,  by 
revolving  which  it  can  be  placed  and  held  in  anj'  required  position. 

For  very  exact  readings  a  microscope  with  cross  hair  is  also 
employed,  which  then  takes  the  place  of  the  simple  slide  just  de- 
scribed. 

A  clock-work,  attached  to  the  standard  below  the  brackets,  im- 
parts motion  to  a  small  silken  belt  which  runs  upwards  in  a  verti- 
cal plane  astfar  as  the  middle  bracket,  where  two  little  rollers  give 
it  a  lateral  direction,  so  as  to  drive  the  horizontal  agitator-pulley, 
and  thereby  keep  the  contents  of  the  cylinder  in  a  thoroughly 
mixed  and  moving  condition,  that  the  temperature  of  any  part 
may  be  always  that  of  the  whole. 

Below  the  clock-work  a  vessel  of  thin  brass  is  supported  by  a 
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short  arm.  This  is  somewhat  lai*ger  in  si^e  than  the  paper  cylinder ; 
it  fills  a  double  purpose,  acting  as  a  covering  for  the  cylinder  when 
not  in  use,  and  receiving  the  overflow  water  from  it  in  a  manner 
to  be  presently  described. 

A  fourth  bracket  or  arm,  which  may  be  regarded  as  supple- 
mental to  the  instrument  proper,  is  clamped  at  a  convenient 
height  on  the  central  standard.  It  extends  in  an  opposite  direc- 
tion from  the  other  three,  and  carries  the  ordinary  wet  and  dry 
bulb  thermometers,  and  a  stop  watch  with  a  spring-back  second 
hand.^ 

Lastly ;  a  high  copper  vessel  called  the  filler,  holding  about  two 
quarts  of  water,  with  a  long  curved  spout  tapering  down  to  ^  inch 
diameter,  is  used  for  filling  the  cylinder  with  hot  water. 

This  filler  is  furnished  with  a  cover,  and  a  wooden  handle  oppo- 
site the  spout;  it  is  also  provided  with  a  thermometer  which 
is  slipped  into  a  small  dry  tube  extending  from  the  top  obliquely 
towards  the  centre  of  the  vessel,  so  that  while  the  water  in  it  is 
heating  on  a  gas  stove,  its  temperature  can  at  any  time  be  ascer- 
tained approximately. 

I  proceed  now  to  explain  the  way  in  which  observations  are 
taken  with  this  instrument.  The  cylinder  above  described  is  a 
porous  vessel.  Its  bond  paper  walls  are  slowly  permeable  to 
water,  so  that  without  appearing  wet  on  the  outside,  they  offer 
to  the  air  as  much  moisture  as  it  is  capable  of  taking  up ;  that 
which  is  lost  being  quickly  replaced  by  capillary  action.  Experi- 
ment so  far  has  shown  this  to  be  the  case,  except  when  the 
evaporati(Ai  is  veiy  excessive  indeed.  The  bond  paper  by  its 
strength,  and  the  purity  of  its  composition,  and  from  the  fact  that 
it  can  be  obtained  of  perfectly  uniform  character,  is  admirably 
adapted  for  this  purpose ;  and  when  wet  it  looks  and  feels  very 
like  an  animal  membrane.  I  know  of  no  material  of  constant 
quality,  and  one  which  could  be  made  into  a  vessel  of  a  definite 
and  fixed  size,  that  would  answer  as  a  substitute  for  it. 

If  the  suspended  cylinder  so  constructed  be  filled  with  water  at 
the  temperature  of  the  blood,  it  will  be  seen  that  its  condition  is 
similar  to  that  of  a  man  who  has  lost  the  power  of  generating 

^In  Uie  drawing  which  acoompanles  this  paper,  two  stop-watches  aro  shown 
instead  of  one,  by  which  the  timing  of  sequent  intervals  is  mnch  laciliatcd.  Both 
watches  are  connected  by  a  brass  strap  in  siioh  a  way  that  the  movement  which  stops 
one  starts  the  other  instantly.  The  spring>back  arrangement  is  Independent  of  this, 
so  that  each  reading  Is  made  lh>m  sero,  with  plenty  of  time  for  its  exact  registration. 
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heat.  Both  will  instantly  begin  to  fall  in  temperature.  Now  if 
we  could  ascertain  the  time  in  which  the  man's  body  fell  one  de- 
gree, we  would  be  justified  in  assuming  that  when  he  was  in  the 
normal  condition  he  would  have  had  to  make  the  same  amount  of 
heat  in  a  like  interval,  inasmuch  as  he  always  has  to  make  exactly 
what  is  lost. 

Strictly  speaking,  a  little  more  would  be  demanded  of  him, 
because  the  hotter  his  body  is,  the  more  heat  he  will  lose  in  a  given 
time.  For  very  small  increments  however,  this  difference  may  be 
neglected,  and  I  will  not  at  present  discuss  it. 

This  interval  of  time  then,'  would  express  the  demand  upon  the 
system,  the  intensity  of  the  physiological  action  necessary  to  sus- 
tain the  body  in  a  state  of  health ;  and  it  would  also  be  a  measure 
of  the  climate  at  that  particular  time  and  place,  subjectively  con- 
sidered. As  such  a  determination  for  the  actual  man  is  impossible 
at  present,  I  endeavor  to  obtain  a  comparable  result  from  the  cyl- 
inder. Assuming  it  to  be  full  of  cold  water,  as  is  generally  the 
case,  its  temperature  is  raised  by  slipping  a  piece  of  small 
rubber  tubing  over  the  spout  of  the  filler,  the  contents  of  which 
have  been  previously  heated  several  degrees  above  blood-heat, 
and  attaching  the  other  end  of  tt  to  a  little  conical  tube  which 
passes  through  the  thin  brass  disk,  forming  the  bottom  of  the 
cylinder.  This  tube  is  flush  on  the  inside,  and  is  closed  there  by  a 
small  flap  of  thin  rubber,  so  that  the  water  cannot  flow  outwards. 
By  raising  the  filler  above  the  level  of  the  top  of  the  cylinder,  the 
hot  water  lifts  the  valve  and  enters.  As  it  rises,  it  fills  a  small 
siphon  tube,  which  passes  through  the  side  of  the  brass  ring  from 
which  the  paper  hangs,  and  then  flows  off  through  a  rubber  tube 
to  the  overflow  vessel,  near  the  foot  of  the  standard,  which  has 
been  already  described. 

At  the  commencement  of  this  operation  the  clock-work  is  set 
in  motion,  whereby  the  agitator  is  made  to  rotate,  and  establish 
so  perfect  a  mixing  of  the  hot  and  cold  water  as  to  cause  the 
temperature  to  rise  gradually  and  steadily;  the  addition  of  hot 
water  can  then  be  checked,  and  the  rubber  tube  removed,  at  any 
particular  position  of  the  mercury.  After  this  has  been  done,  the 
siphon  still  continues  to  act,  until  the  water  is  finally  cut  off  ex- 
actly at  the  upper  edge  of  the  paper,  by  which  the  quantity  of 
water  in  the  cylinder  is  always  precisely  the  same. 

Having  raised  the  temperature  of  the  whole  mass  of  water  dis- 
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tinctly  above  blood-heat  (37^  C.))  and  letting  the  agitator  continue 
uninterruptedly,  the  observer  waits  till  the  mercury  falls  to  37^  C, 
when  he  starts  the  stop  watch,  and  counts  the  time  in  seconds 
which  each  degree  takes  to  fall,  till  he  has  obtained  a  series  suffi- 
ciently long  to  give  the  character  of  the  descent,  and  render  a  re- 
duction to  a  single  expression  possible.  In  summer  weather  about 
six  readings  will  probably  be  found  sufficient ;  in  winter  a  greater 
number  may  often  be  desirable.  The  whole  interval  which  elapses 
from  first  to  last,  should  be  long  enough  to  allow  of  several  repeti- 
tions of  the  cycle  of  fluctuations  in  the  thermic  influences,  which 
the  observer  will  soon  recognize,  so  that  an  average  i^esult  may  be 
had.  When  a  series  of  this  kind  is  made  under  constant  condi- 
tions (as  for  iastanee  in  a  closed  room)  a  perfectly  smooth  and 
regular  curve  will  be  the  result;  but  this  is  not  easily  obtained, 
because  of  the  difficulty  of  maintaining  such  conditions  perfectly. 
In  the  open  air  the  changes  in  the  velocity  of  the  wind  invariably 
give  rise  to  irregularities  with  which  the  mathematician  will  have 
to  deal.  These  irregular  oscillations  coincide  exactly  with  the 
gusts  of  wind,  and  the  comparatively  still  intervals  between  them  ; 
they  coincide  also  with  the  observer's  sensations  of  coolness  and 
warmth. 

The  general  character  of  these  curves  is  much  influenced  by  the 
position  of  the  wet  bulb  temperature  in  relation  to  37"*  C.  When 
these  are  near  each  other,  the  cylinder  will  cool  slowly,  and  the 
curve  will  be  flat ;  when  the  temperature  of  evaporation  is  low, 
the  fall  will  be  rapid,  and  the  curve  proportionately  steep.  That 
this  must  be  so  will  be  recognized  at  once,  when  it  is  remembered 
that  the  ordinate  coinciding  with  the  temperature  of  the  wet  bulb 
must  be  r^arded  as  an  asymptote  to  the  curve. 

No  earnest  attempt  has  yet  been  made  to  determine  the  equa- 
tion of  these  curves.  Indeed  there  has  not  been  time,  nor  a  suffi- 
cient number  of  satisfactory  obser\'ations  made  under  constant 
conditions ;  but  as  an  expedient  for  present  use  and  instruction, 
I  devised  the  following  method,  by  which  to  obtain  comparable 
reductions  which  should  furnish  values  proportional  to  each  other. 

If,  under  constant  influences  we  extend  the  readings  upwards 
from  37''  C,  beginning  to  time  the  fall  of  the  thermometer  at  say 
60"  C,  we  shall  find  that  the  curve  at  such  high  temperatures  differs 
very  little  from  a  straight  line. 

If  we  regard  it  as  such,  and  select  say  50"  C,  as  the  point  of 


A.    XATHEMATICS  AND   PHT8IC8.  67 

coxDparisoD,  we  shall  obtain  readings  from  which  it  is  easy  to 
eliniinate  the  irregularities  due  to  wind,  or  any  other  intermittent 
causes.  Thus,  if  the  day  is  very  warm  the  observer  begins  to 
time  the  descending  mercury  at  53**  C,  and  counting  till  it  reaches 
8°  below  50,  namely  47^  C,  he  divides  the  total  number  of  seconds 
by  6.  This  interval  in  the  hottest  and  most  sultry  weather  will  be 
about  5  minutes.  If  the  day  is  cooler,  judging  by  his  feelings, 
the  observer  may  fix  on  4*^  above  and  4^  below  dividing  by  8 ;  if 
quite  cold  10**  above,  and  lO**  below,  and  even  double  that  will  not 
be  too  much,  always  aiming  at  a  total  interval  of  about  5  minutes. 

It  will  be  seen  that  the  colder  the  weather  is,  the  more  nearly 
will  the  curve  about  50^  C.  approach  a  straight  line,  and  the 
further  below  that  temperature  will  it  retain  the  same  character, 
so  that  the  error  will  not  increase  with  the  longer  distance  travelled 
by  the  mercury.  This  method  is  based  upon  the  assumption  that 
the  ordinates  of  the  normal  curve  are  proportional,  and  that  an 
arithmetical  mean  will  therefore  reduce  them,  however  irregular, 
to  a  single  expression. 

It  may  be  urged  that  results  so  obtained  are  disassociated  fVom 
the  blood  temperature  with  which  we  started  ;  but  it  should  not  be 
forgotten  that  we  do  not  aim  to  get  absolute,  or  even  relative 
values.  The  great  diflTerence  in  men's  weight,  and  surface  in  relar 
tion  to  their  weight ;  in  the  amount  of  clothing  they  employ ;  in 
their  habits  of  body,  and  in  many  other  ways,  renders  that  impos- 
sible. All  we  can  ho|>e  for  are  results  which  shall  be  themselves 
proportional,  and  comparable  only  as  regards  the  average  man. 

With  this  in  view  one  temperature  is  theoretically  as  good  as 
another,  although  in  the  practical  use  of  the  instrument,  and  in 
the  application  of  corrections,  which  have  yet  to  be  investigated, 
a  judicious  selection  may  be  made.  Nor  should  it  be  thought  that 
I  regard  the  observations  at  high  temperatures,  as  replacing  the 
series  at  low  ones,  which  give  us  the  special  character  and  fluctua- 
tions of  the  thermic  influences.  The  latter  are  of  the  greatest 
importance,  and  throw  much  light  both  on  the  nature  of  the 
climate,  and  on  the  physiological  power  of  resistance  to  its  influ- 
ence, which  the  body  is  called  upon  to  exert.  In  this  connection 
it  may  be  well  to  say  something  of  the  dimensions  given  for  the 
present  to  the  cooling  vessel.  Numerous  experiments  have  been 
made  with  cylinders  of  different  capacity,  and  with  large  differences 
in  the  relation  of  mass  to  surface.    The  result  reached  appears  to 
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W  Kiifrmbly  satisfactory  and  serviceable ;  but  it  cannot  be  regarded 
•»  ttxc^l ;  nor  is  it  possible  by  a  priori  reasoning  to  establish  any 
•iti^  as  the  best.  The  conditions  to  be  kept  in  view  are,  first :  — 
IV  $«»«  that  the  rate  of  cooling  is  not  disproportionately  influenced 
1^^  any  one  of  the  three  factors.  Second :  to  give  the  cylinder 
•ttOkH^nt  mass  to  ensure  readings  of  suitable  duration.  Third : 
lOk  make  the  instrument  as  a  whole  convenient  and  manageable,  in 
a  luechanical  sense.  To  discuss  this  subject  fully,  more  informa- 
Ikm  is  required  than  I  possess  at  present. 

Having  done  something  towards  arriving  at  a  knowledge  of  the 
aygrt>gate  of  physio-thermic  influences  which  the  temperature  of 
Ib^  air«  its  moisture,  and  its  motion  jointly  exert ;  our  next  effort 
atHUiUl  bo  to  analyze  that  aggregate,  if  possible,  and  apportion  to 
0aoh  ftictor  its  share,  positive  or  negative  as  the  case  may  be,  in 
Ih^  abstraction  of  animal  heat. 

If  w^  observe  with  two  cylinders  at  the  same  time,  which  are 
Moutioal  In  every  i*espect,  save  that  one  is  pervious,  and  the  other 
iui|H^rvions  to  water,  the  results  will  difler,  that  from  which  there 
U  uo  ^evaporation  taking  longer  to  cool  than  the  other.  This 
vlU)\>iH^U€>e  will  express  the  value  of  the  aqueous  vapor  present,  as 
a  sSKvlhig  agent. 

If  aliuultancous  observations  are  n;iade  with  two  instruments, 
W^  ^'\)HvitH)  to  the  AiU  force  of  the  wind,  and  the  other  sheltered 
|V\4U  i\x  but  otherwise  under  the  same  conditions,  we  shall  in  like 
lUHUiu^*  ^t>t  au  oxi)ression  of  the  thermic  influence  referable  to 
|h\>  »luvU  UUh  as  a  con  vector  and  as  a  promoter  of  evaporation. 

U  KUh  \\YUiuK>rs  are  impervious  to  water  we  shall  again  elimi- 
UhU^  ^xa^K^^^alliU^  and  obtain  the  cooling  effect  of  the  dry  air  in 

U'  l\\4M  Ih^  A|nii'<^KAto  effect  of  all  the  factors,  we  now  deduct 
Ihul  \(u^  lo  Ih0  motdiuro,  and  to  the  wind,  the  remainder  will  be 
Uw  IboviMk^  iuttu^nuH)  asorlbable  to  the  actual  temperature  alone. 

't1toA^>  lu^v  Us  aiul  doubtless  are,  many  and  serious  difficulties 
l^k  tH>  s^w'iNsuu^  (u  luuking  those  determinations;  b.ut  that  the 
kuv^NvUsig^  \  h^w  liuHoated  in  the  foregoing,  will  eventually  be 
vbuiuvsU  Ihoiv  isk  UUl^  doubt,  as  there  can  be  none  of  its  great 
Uu^vui^kuv  auvk  \aU(0  to  mankind. 

Ou^>  hU'|>  Ukv^v  it  wUI  thou  bo  fair  to  demand  ;  I  mean  the  dis- 
QO\vu>  v4  vm^UivH)  tWiuulu^,  by  which  meteorological  observations 
al&VHvljf  iuhUv  auU  i^smx)^)  mt^  bo  converted  into  expressions  of 
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thermic  inflaenoe.  In  this  way  a  vast  flood  of  light  will  be  quickly 
tiirown  on  questions  relating  to  the  influence  of  climate  on  condi- 
tions of  health  and  disease;  development  and  decay;  mental 
energy ;  and  subjects  of  like  immediate  personal  interest. 

To  speak  of  results  at  this  time,  and  obtained  from  an  instru- 
ment but  a  few  months  in  existence,  would  certainly  seem  prema- 
ture ;  and  yet  some  things  have  been  so  forcibly  presented  to  my 
mind,  that  a  very  short  statement  of  them  may  be  permitted*  The 
consecntive,  outdoor  observations  I  have  made  consisted  of  two 
daily,  at  7.35  A.  M.,  and  at  4.35  P.  M.,  synchronous  with  those 
of  the  signal  service  observatory.  These  have  been  prosecuted 
for  a  little  more  than  two  months. 

The  deductions  which  they  certainly  justify  are  as  follows : — 

1.  That  the  sensible  temperature  affecting  as  departs  widely  from 
the  actual,  obtained  from  the  thermometer. 

2.  That  the  fluctuations  in  it  Bre  infinitely  greater  in  amount 
than  most  of  us  have  any  idea  of. 

3.  That  besides  the  great  changes  from  day  to  day  in  the  mean 
sensible  temperature,  we  have  what  may  be  called  instantaneous 
oscillations,  also  very  considerable  in  amount,  and  scientifically 
ail  but  unknown. 

4.  That  the  wind  very  often  plays  a  more  important  part  in 
determining  the  sensible  temperature  than  the  actual  tempentura 
itself. 

5.  That  the  instantaneous  oscillations  are  almost  solely  due  to 
fluctuations  in  this  meteorological  element. 

The  first  statement  I  have  already  illastrated  by  an  example, 
which  might  be  supplemented  by  a  multitude  of  others ;  for  nothing 
18   more  common,  while   the  thermometer  is  always  quoted  as 
something  which  cannot  err,  than  to  hear  people  praise  or  blame 
the  weather  quite  irrespectlTC  of  the  teacLings  of  that  iiiBtniment» 
and  often   in  direct  contradiction   to  them.     We  use  in  fact  in 
ordinary  conversation  a  number  of  phrases  which  show  the  neces- 
sity in  the  popular  mind  of  quaJif^iDg  the  information  fiimi<>hed  by 
science.     We  speak  of  hot  weather  as  sultry,  close,  heaiy,  dull, 
muggy,  and  clammy;  or  as  fre^h,  pleasant,  and  clear.     Of  the 
cold  days  as  raw,  bitter,  or  damp,  and  alfio  as  fresh,  blight,  amd 
invigorating. 

We  describe  a  locality  as  exposed  and  bleak ;  or  as  sheltered 
and  warm.     A  house  as  dralty ;  a  street  as  **bbut  in."    We  say 


62  A.    UATHEUATICS    AND    PHYSICS. 

xnent,  namely:  the  aggregate  of  the  physio-thermic  inflaencea 
which  affect  the  living  human  body  at  any  particular  time  and 
place. 

Without  going  into  minute  details,  the  instrument  I  have  in- 
vented is  constructed  as  follows.  / 

A  pole,  or  standard  about  six  feet  high,  made  of  a  strong  brass 
tubing,  is  held  upright  by  a  heavy  foot  or  base. 

At  right  angles  from  this,  and  in  the  same  direction,  three  arms 
or  brackets  extend.  These,  while  they  slide  up  and  down  on  the 
standard,  can  be  clamped  at  such  places  as  suit  the  height  of  the 
observer. 

The  middle  bracket  is  nine  or  ten  inches  long,  and  carries  at  its 
outer  extremity  a  horizontal  cylindrical  ring  of  thin  brass  about 
four  inches  in  diameter. 

From  the  lower  edge  of  this  ring,  and  held  fast  to  it  by  a  strong 
rubber  band  or  clamp-ring,  there  hangs  a  cylinder  made  of  "  bond," 
or  bank-note  paper.  This  cylinder  is  exactly  100  millimetres  in 
diameter,  and  150  long.  It  is  made  upon  a  turned  mandrel,  and 
closed  up  the  side  by  the  use  of  a  thick  mucilage  of  albumen, 
dried,  and  then  coagulated  by  immersion  in  wet  steam.  This 
method  gives  a  very  narrow,  strong  seam,  which  absorbs  water 
like  the  rest  of  the  paper. 

Into  the  open  bottom  of  the  paper  cylinder  a  very  thin  disk  of 
brass  is  fitted,  and  held  there  by  a  second  rubber  band  or  clamp- 
ring. 

The  vessel  so  constructed  is  intended  to  hold  water.  The  paper 
which  forms  its  walls  can  be  removed  and  replaced  at  any  time, 
without  alteriug  its  capacity,  or  the  relation  between  its  bulk  and 
surface.  The  upper  edge  of  the  brass  ring,  from  which  the  paper 
cylinder  hangs,  is  provided  with  a  flat  brass  cap.  Through  the 
centre  of  this  a  short  tube  or  socket  extends.  This  revolves  in 
the  cap,  fitting  into  a  suitable  bearing  for  that  purpose.  It  termi- 
nates above  in  a  small  horizontal  pulley,  with  a  hole  through  its 
centre,  while  to  its  lower  end  an  agitator  is  attached. 

The  agitator  consists  of  a  narrow  strip  of  thin  metal  formed  into 
a  spiral,  which  makes  four  revolutions  from  the  top  to  the  bottom 
of  the  C3*linder.  When  this  is  made  to  rotate,  it  sweeps  the  inside 
surface  of  the  paper  cj'linder,  but  without  touching  it.  From  the 
brass  disk  below,  three  vertical  stationary  blades,  placed  radially, 
rise  to  the  level  of  the  top  edge  of  the  paper.    These  blades  leave 


still  an  unoccupied  ^pace  in  the  centr\>  of  tht>  ovluuler;  *iul  bi>* 
tween  their  outer  edges  and  the  jvuH^r*  the  spii^al  roxolvoji  Awly% 
The  object  of  tlie  blades  is  to  hoKl  the  water  ix>utaimHl  iu  tho 
cylinder  from  revolving,  so  that  the  spiraU  when  In  nuUioUt  may 
cause  a  constant  curi^ent  down  the  inside  surfuiv,  and  up  the  oonti^ 
of  the  cylinder.  The  lower  of  the  three  braekotH  oarrioa  at  Ua 
extremity  an  upright,  ai^justable,  slender  pin  of  wood,  whloh  tUa 
easily  into  a  little  projecting  socket  attached  to  the  ooiitro  of  tlie 
under  side  of  the  disk,  which  forms  the  bottom  of  tlio  cyllndor, 
and  prevents  the  paper  suffering  from  lateral  InjpulsoH  givoa  It  by 
the  wind,  or  when  it  is  being  moved  from  place  to  placo. 

The  upper  bracket  carries  a  thermometer  on  its  outer  end.  Tiilii 
is  exactly  over  the  axis  of  Uie  cylinder,  so  that  whou  It  Ih  IowimuuI, 
the  bulb,  which  extends  seven  or  eight  incUos  buluw  tho  ncwiIo, 
passes  through  the  horizontal  pulley  and  siiort  tube  conncclliig  It 
with  the  agitator,  and  takes  its  place  in  the  centre  of  tlio  uuinn  of 
water,  in  which  position  it  is  clamped.  ThU  thermometer  in  pro- 
▼ided  with  a  centigrade  scale.  Its  tube  is  ground  liat,  and  pol- 
ished on  two  opposite  surfaces  parallel  to  the  tibbon  of  uwicMry, 
The  scale  to  which  it  is  attached  is  pierced  by  a  narrow  Mlit  wliicli 
extends  from  zero  upwards  to  IOC.  liy  this  tnaauH  I  mu'A'.i'oA  in 
getting  rid  of  the  reflection  from  the  cylln<lrical  HurftuHi  of  tbo 
tube,  and  can  watch  the  column  of  mercury  an  it  appeam  proJf;';U;d 
against  a  little  white  screen  a^lju stable  behind  the  mtaUi,  A  hMtt^ 
cross  hair  parallel  to  the  lines  of  division  on  the  M'ab;,  and  hui^^ 
ported  lUiOut  an  inch  in  front  of  th';  latU;r,  in  a)v>  uHi-A  io  i\x  i\i*i 
position  of  the  eye  when  rea/Iin;r,  and  vi  avoid  p'a.'iJIax,  '1  ui* 
flMe  is  connecte^l  with  a  lon^  s^;r<;w  at  tu<5  %id<;  of  t  i<;  fc/;.*!",  \ty 
rfcTolvirj^T  iih>,-h  it  can  \f:  plvxd  aj*d  h'rid  iu  nuy  r'"j'*ir'/)  p'/-  *.'///^ 

For  rerv  exa/:rt  V'aWuj.^  a  r//';;'/vy/'/<j  »;*?j  '-t'/fin  U'/.t  i«  i.v/ 

A  c'r.-k-wvrr-  ^\\\/}j-.\  t//  \''J:  **-<.%">-"i  ^/.  '/w  ♦/>  •/♦'-.'/"*«,  ,'v 
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fihort  arm.  This  is  somewhat  larger  in  size  than  the  paper  cylinder ; 
it  fills  a  doable  parpose,  acting  as  a  covering  for  the  cylinder  when 
not  in  use,  and  receiving  the  overflow  water  from  it  in  a  manner 
to  be  presently  described. 

A  fourth  bracket  or  arm,  which  may  be  regarded  as  supple- 
mental to  the  instrument  proper,  is  clamped  at  a  convenient 
height  on  the  central  standard.  It  extends  in  an  opposite  direc- 
tion from  the  other  three,  and  carries  the  ordinary  wet  and  dry 
bulb  thermometers,  and  a  stop  watch  with  a  spring-back  second 
hand.^ 

Lastly ;  a  high  copper  vessel  called  the  filler,  holding  about  two 
quarts  of  water,  with  a  long  curved  spout  tapering  down  to  ^  inch 
diameter,  is  used  for  filling  the  cylinder  with  hot  water. 

This  filler  is  furnished  with  a  cover,  and  a  wooden  handle  oppo- 
site the  spout;  it  is  also  provided  with  a  thermometer  which 
is  slipped  into  a  small  dry  tube  extending  from  the  top  obliquely 
towards  the  centre  of  the  vessel,  so  that  while  the  water  in  it  is 
heating  on  a  gas  stove,  its  temperature  can  at  any  time  be  ascer- 
tained approximately. 

I  proceed  now  to  explain  the  way  in  which  observations  are 
taken  with  this  instrument.  The  C3iinder  above  described  is  a 
porous  vessel.  Its  bond  paper  walls  are  slowly  permeable  to 
water,  so  that  without  appearing  wet  on  the  outside,  they  offer 
to  the  air  as  much  moisture  as  it  is  capable  of  taking  up ;  that 
which  is  lost  being  quickly  replaced  by  capillary  action.  Experi- 
ment so  far  has  shown  this  to  be  the  case,  except  when  the 
evaporatioti  is  very  excessive  indeed.  The  bond  paper  by  its 
strength,  and  the  purity  of  its  composition,  and  from  the  fact  that 
it  can  be  obtained  of  perfectly  uniform  character,  is  admirably 
adapted  for  this  purpose ;  and  when  wet  it  looks  and  feels  very 
like  an  animal  membrane.  I  know  of  no  material  of  constant 
quality,  and  one  which  could  be  made  into  a  vessel  of  a  definite 
and  fixed  size,  that  would  answer  as  a  substitute  for  it. 

If  the  suspended  cylinder  so  constructed  be  filled  with  water  at 
the  temperature  of  the  blood,  it  will  be  seen  that  its  condition  is 
similar  to  that  of  a  man  who  has  lost  the  power  of  generating 

1  In  the  drawing  which  accompanies  this  paper,  two  stop-watches  are  shown 
instead  of  one,  by  which  the  timing  of  sequent  intervals  is  much  laciliatcd.  Doth 
watches  are  connected  by  a  brass  strap  in  snch  a  way  that  the  moyement  which  stops 
one  starts  the  other  instantly.  The  spring-baclc  arrangement  is  independent  of  tills, 
so  that  each  reading  is  made  from  sero,  with  plenty  of  time  for  its  exact  registration. 
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heat.  Both  will  instantly  begin  to  fall  in  temperature.  Now  if 
we  could  ascertain  the  time  in  which  the  man's  body  fell  one  de- 
gree, we  would  be  justified  in  assuming  that  when  he  was  in  the 
normal  condition  he  would  have  had  to  make  the  same  amount  of 
heat  in  a  like  interval,  inasmuch  as  he  always  has  to  make  exactly 
what  is  lost. 

Strictly  speaking,  a  little  more  would  be  demanded  of  him, 
because  the  hotter  his  body  is,  the  more  heat  he  will  lose  in  a  given 
time.  For  very  small  increments  however,  this  difference  may  be 
neglected,  and  I  will  not  at  present  discuss  it. 

This  interval  of  time  then,  would  express  the  demand  upon  the 
system,  the  intensity  of  the  physiological  action  necessary  to  sus- 
tain the  body  in  a  state  of  health ;  and  it  would  also  be  a  measure 
of  the  climate  at  that  particular  time  and  place,  subjectively  con- 
sidered. As  such  a  determination  for  the  actual  man  is  impossible 
at  present,  I  endeavor  to  obtain  a  comparable  result  from  the  cyl- 
inder. Assuming  it  to  be  full  of  cold  water,  as  is  generally  the 
case,  its  temperature  is  raised  by  slipping  a  piece  of  small 
rubber  tubing  over  the  spout  of  the  filler,  the  contents  of  which 
have  been  previously  heated  several  degrees  above  blood-heat, 
and  attaching  the  other  end  of  it  to  a  little  conical  tube  which 
passes  through  the  thin  brass  disk,  forming  the  bottom  of  the 
cylinder.  This  tube  is  flush  on  the  inside,  and  is  closed  there  by  a 
small  flap  of  thin  rubber,  so  that  the  water  cannot  flow  outwards. 
By  raising  the  filler  above  the  level  of  the  top  of  the  cylinder,  the 
hot  water  lifts  the  valve  and  enters.  As  it  rises,  it  fills  a  small 
siphon  tube,  which  passes  through  the  side  of  the  brass  ring  from 
which  the  paper  hangs,  and  then  flows  off  through  a  nibber  tube 
to  the  overflow  vessel,  near  the  foot  of  the  standard,  which  has 
been  already  described. 

At  the  commencement  of  this  operation  the  clock-work  is  set 
in  motion,  whereby  the  agitator  is  made  to  rotate,  and  establish 
so  perfect  a  mixing  of  the  hot  and  cold  water  as  ta  cause  the 
temperature  to  rise  gradually  and  steadily;  the  addition  of  hot 
water  can  then  be  checked,  and  the  rubber  tube  removed,  at  any 
particular  position  of  the  mercuiy.  After  this  has  been  done,  the 
siphon  still  continues  to  act,  until  the  water  is  finally  cut  off  ex- 
actly at  the  upper  edge  of  the  paper,  by  which  the  quantity  of 
water  in  the  cylinder  is  always  precisely  the  same. 

Having  raised  the  temperature  of  the  whole  mass  of  water  dis- 
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tinctly  above  blood-heat  (37^  C),  and  letting  the  agitator  continue 
uninten*uptedly,  the  observer  waits  till  the  mercury  falls  to  37**  C, 
when  he  staits  the  stop  watch,  and  counts  the  time  in  seconds 
which  each  degree  takes  to  fall,  till  he  has  obtained  a  series  suffi- 
ciently long  to  give  the  character  of  the  descent,  and  render  a  re- 
duction to  a  single  expression  possible.  In  summer  weather  about 
six  readings  will  probably  be  found  sufficient ;  in  winter  a  greater 
number  may  often  be  desirable.  The  whole  interval  which  elapses 
from  first  to  last,  should  be  long  enough  to  allow  of  several  repeti- 
tions of  the  cycle  of  fluctuations  in  the  tliermic  influences,  which 
the  observer  wUl  soon  recognize,  so  that  an  average  result  may  be 
had.  When  a  series  of  this  kind  is  made  under  constant  condi- 
tions (as  for  iastanee  in  a  closed  room)  a  perfectly  smooth  and 
regular  curve  will  be  the  result;  but  this  is  not  easily  obtained, 
because  of  the  difficulty  of  maintaining  such  conditions  perfectly. 
In  the  open  air  the  changes  in  the  velocity  of  the  wind  invariably 
give  rise  to  irregularities  with  which  the  mathematician  will  have 
to  deal.  These  irregular  oscillations  coincide  exactly  with  the 
gusts  of  wind,  and  the  comparatively  still  intervals  between  them ; 
they  coincide  also  with  the  observer's  sensations  of  coolness  and 
warmth. 

The  general  character  of  these  curves  is  much  influenced  by  the 
position  of  the  wet  bulb  temperature  in  relation  to  37^  C.  When 
these  are  near  each  other,  the  cylinder  will  cool  slowl}',  and  the 
curve  will  be  flat ;  when  the  temperature  of  evaporation  is  low, 
the  fall  will  be  rapid,  and  the  curve  proportionately  steep.  That 
this  must  be  so  will  be  recognized  at  once,  when  it  is  remembered 
that  the  ordinate  coinciding  with  the  temperature  of  the  wet  bulb 
must  be  r^arded  as  an  asymptote  to  the  curve. 

No  earnest  attempt  has  yet  been  made  to  determine  the  equa- 
tion of  these  curves.  Indeed  there  has  not  been  time,  nor  a  suffi- 
cient number  of  satisfactory  observations  made  under  constant 
conditions ;  but  as  an  expedient  for  present  use  and  instruction, 
I  devised  the  following  method,  by  which  to  obtain  comparable 
reductions  which  should  furnish  values  proportional  to  each  other. 

If,  under  constant  influences  we  extend  the  readings  upwards 
from  37°  C,  beginning  to  time  the  fall  of  the  thermometer  at  say 
60°  C,  we  shall  find  that  the  curve  at  such  high  temperatures  differs 
very  little  from  a  straight  line. 

If  we  regard  it  as  such,  and  select  say  50°  C,  as  the  point  of 
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comparison,  we  shall  obtain  readings  from  which  it  is  easy  to 
eliminate  the  irregularities  due  to  wind,  or  any  other  intermittent 
causes.  Thus,  if  the  day  is  very  warm  the  observer  begins  to 
time  the  descending  mercury  at  53°  C,  and  counting  till  it  reaches 
8°  below  50,  namely  47°  C,  he  divides  the  total  number  of  seconds 
by  6.  This  interval  in  the  hottest  and  most  sultry  weather  will  be 
about  5  minutes.  If  the  day  is  cooler,  judging  by  his  feelings, 
the  observer  may  fix  on  4°  above  and  4°  below  dividing  by  8 ;  if 
quite  cold  10°  above,  and  10°  below,  and  even  double  that  will  not 
be  too  much,  always  aiming  at  a  total  interval  of  about  5  minutes. 

It  will  be  seen  that  the  colder  the  weather  is,  the  more  nearly 
will  the  curve  about  50°  C.  approach  a  straight  line,  and  the 
fhrther  below  that  temperature  will  it  retain  the  same  character, 
so  that  the  error  will  not  increase  with  the  longer  distance  travelled 
by  the  mercury.  This  method  is  based  upon  the  assumption  that 
the  ordinates  of  the  normal  curve  are  proportional,  and  that  an 
arithmetical  mean  will  therefore  reduce  them,  however  irregular, 
to  a  single  expression. 

It  may  be  urged  that  results  so  obtained  are  disassociated  from 
the  blood  temperature  with  which  w*e  started ;  but  it  should  not  be 
forgotten  that  we  do  not  aim  to  get  absolute,  or  even  relative 
values.  The  great  difference  in  men's  weight,  and  surface  in  rela- 
tion to  their  weight ;  in  the  amount  of  clothing  they  employ ;  in 
their  habits  of  body,  and  in  many  other  ways,  renders  that  impos- 
sible. All  we  can  hof>e  for  are  results  which  shall  be  themselves 
proportional,  and  comparable  only  as  regards  the  average  man. 

With  this  in  view  one  temperature  is  theoretically  as  good  as 
another,  although  in  the  practical  use  of  the  instrument,  and  in 
the  application  of  corrections,  which  have  yet  to  be  investigated, 
a  Judicious  selection  may  be  made.  Nor  should  it  be  thought  that 
I  regard  the  observations  at  high  temperatures,  as  replacing  the 
series  at  low  ones,  which  give  us  the  special  character  and  fluctua- 
tions of  the  thermic  influences.  The  latter  are  of  the  greatest 
importance,  and  throw  much  light  both  on  the  nature  of  the 
climate,  and  on  the  physiological  power  of  resistance  to  its  influ- 
ence, which  the  body  is  called  upon  to  exert.  In  this  connection 
it  may  be  well  to  say  something  of  the  dimensions  given  for  the 
present  to  the  cooling  vessel.  Numerous  experiments  have  been 
made  with  cylinders  of  different  capacity,  and  with  large  differences 
in  the  relation  of  mass  to  surface.    The  result  reached  appears  to 
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be  tolerably  satisfactory  and  serviceable ;  but  it  cannot  be  regarded 
as  fixed ;  nor  is  it  possible  by  a  priori  reasoning  to  establish  any 
size  as  the  best.  The  conditions  to  be  kept  in  view  are,  first :  — 
To  see  that  the  rate  of  cooling  is  not  disproportionately  influenced 
by  any  one  of  the  three  factors.  Second :  to  give  the  cylinder 
sufficient  mass  to  ensure  readings  of  suitable  duration.  Third  : 
to  make  the  instrument  as  a  whole  convenient  and  manageable,  in 
a  mechanical  sense.  To  discuss  this  subject  fully,  more  informa- 
tion is  required  than  I  possess  at  present. 

Having  done  something  towards  arriving  at  a  knowledge  of  the 
aggregate  of  physio-thermic  influences  which  the  temperature  of 
the  air,  its  moisture,  and  its  motion  jointly  exert ;  our  next  effort 
should  be  to  anal3^ze  that  aggregate,  if  possible,  and  apportion  to 
each  factor  its  share,  positive  or  negative  as  the  case  may  be,  in 
the  abstraction  of  animal  heat. 

If  we  observe  with  two  C3^1inders  at  the  same  time,  which  are 
identical  in  every  respect,  save  that  one  is  pervious,  and  the  other 
impervious  to  water,  the  results  will  difler,  that  from  which  there 
is  no  evaporation  taking  longer  to  cool  than  the  other.  This 
diflierence  will  express  the  value  of  the  aqueous  vapor  present,  as 
a  cooling  agent. 

If  simultaneous  observations  are  v^&de  with  two  instruments, 
one  exposed  to  the  full  force  of  the  wind,  and  the  other  sheltered 
from  it,  but  otherwise  under  the  same  conditions,  we  shall  in  like 
manner  get  an  expression  of  the  thermic  influence  referable  to 
the  wind,  both  as  a  convector  and  as  a  promoter  of  evaporation. 

If  both  cylinders  are  impervious  to  water  we  shall  again  elimi- 
nate evaporation  and  obtain  the  cooling  efiect  of  the  dry  air  in 
motion. 

If  from  the  aggregate  effect  of  all  the  factors,  we  now  deduct 
that  due  to  the  moisture,  and  to  the  wind,  the  remainder  will  be 
the  thermic  influence  ascribable  to  the  actual  temperature  alone. 

There  may  be,  and  doubtless  are,  many  and  serious  difficulties 
to  be  overcome  in  making  these  determinations ;  but  that  the 
knowledge  I  have  indicated  in  the  foregoing,  will  eventually  be 
obtained,  there  is  little  doubt,  as  there  can  be  none  of  its  great 
importance  and  value  to  mankind. 

One  step  more  it  will  then  be  fair  to  demand  ;  I  mean  the  dis- 
covery of  empirical  formulae,  by  which  meteorological  observations 
already  made  and  recorded  may  be  converted  into  expressions  of 
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thermic  influence.  In  this  way  a  vast  flood  of  light  will  he  quickly 
thrown  on  questions  relating  to  the  influence  of  climate  on  condi- 
tions of  health  and  disease;  development  and  decay;  mental 
energy ;  and  subjects  of  like  immediate  personal  interest. 

To  speak  of  results  at  this  time,  and  obtained  from  an  instru- 
ment but  a  few  months  in  existence,  would  certainly  seem  premar 
ture ;  and  yet  some  things  have  been  so  forcibly  presented  to  my 
mind,  that  a  very  short  statement  of  them  may  be  permitted.  The 
consecutive,  outdoor  observations  I  have  made  consisted  of  two 
daily,  at  7.35  A.  M.,  and  at  4.35  P.  M.,  synchronous  with  those 
of  the  signal  service  observatory.  These  have  been  prosecuted 
for  a  little  more  than  two  months. 

The  deductions  which  they  certainly  justify  are  as  follows : — 

1 .  That  the  sensible  temperature  affecting  us  departs  widely  from 
the  actual,  obtained  from  the  thermometer. 

2.  That  the  fluctuations  in  it  are  infinitely  greater  in  amount 
than  most  of  us  have  any  idea  of. 

3.  That  besides  the  great  changes  from  day  to  day  in  the  mean 
sensible  temperature,  we  have  what  may  be  called  instantaneous 
oscillations,  also  very  considerable  in  amount,  and  scientifically 
all  but  unknown. 

4.  That  the  wind  very  often  plays  a  more  important  part  in 
determining  the  sensible  temperature  than  the  actual  temperature 
itself. 

5.  That  the  instantaneous  oscillations  are  almost  solely  due  to 
fluctuations  in  this  meteorological  element. 

The  first  statement  I  have  already  illustrated  by  an  example, 
which  might  be  supplemented  by  a  multitude  of  others ;  for  nothing 
is  more  common,  while  the  thermometer  is  always  quoted  as 
something  which  cannot  err^  than  to  hear  people  praise  or  blame 
the  weather  quite  irrespective  of  the  teachings  of  that  instrument, 
and  often  in  direct  contradiction  to  them.  We  use  in  fact  in 
ordinary  conversation  a  number  of  phrases  which  show  the  neces- 
sity in  the  popular  mind  of  qualifying  the  information  furnished  by 
science.  We  speak  of  hot  weather  as  sultry,  close,  heavy,  dull, 
muggy,  and  clammy;  or  as  fresh,  pleasant,  and  clear.  Of  the 
cold  days  as  raw,  bitter,  or  damp,  and  also  as  fresh,  bright,  and 
invigorating. 

We  describe  a  locality  as  exposed  and  bleak ;  or  as  sheltered 
and  warm.     A  house  as  drafty ;  a  street  as  ''  shut  in."    We  say 
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that  not  a  breath  of  air  is  stirring ;  meaning  really  that  we  feel 
the  want  of  some  cooling  agent,  and  for  relief  we  fan  ourselves  to 
*'  get  air/'  All  such  qualifying  words  give  vague  expression  to 
phenomena  which  figures  do  not  reach. 

With  regard  to  the  wide  range  of  the  sensible  temperature  it 
may  be  said  that  the  difference  in  the  rate  at  which  we  lose  heat, 
on  a  still,  hot,  and  moist  day  in  August  or  Sept^ber,  and  on  a 
cold  one  in  midwinter,  with  the  mercury  below  zero,  and  a  gale  of 
wind  blowing,  is  very  great  indeed,  subjecting  the  bodies  of  all 
exposed  animals  to  extremes  of  heat  and  cold  of  which  the  physi- 
ologists have  taken  but  little  account.  Still  less  have  they  recog- 
nized the  existence  of  instantaneous  oscillations.  As  we  sit  in 
our  rooms,  every  breath  of  air  which  enters  lowers  the  sensible 
temperature,  and  every  moment  of  calm  raises  it  immensely ;  an 
incessant  rise  and  fall  which  may  take  place  several  times  a  minute. 

To  illustrate  the  importance  of  the  wind  as  a  thermic  agent,  the 
assertion  may  be  ventured,  that  there  are  many  wet,  stormy  climates, 
such  as  that  of  Ireland,  where  it  scarcely  freezes,  that  will  be 
found,  so  far  as  our  bodies  are  concerned,  to  approach  the  still, 
cold  climate  of  the  icy  north. 

In  the  foregoing  I  have  made  no  reference  to  the  direct,  radiant 
heat  fVom  the  sun;  nor  has  anything  been  said  of  the  thermic 
influence  on  vegetable  life.  These  subjects  are  of  very  great  im- 
portance, but  their  discussion  can  perhaps  be  better  undertaken 
at  a  future  time. 

It  should  not  be  thought  that  in  pursuing  the  present  inquiry, 
I  have  ignored  the  other  influences  which  climate  exerts  upon  man ; 
acknowledging  those  only  that  manifest  themselves  by  sensations 
of  heat  or  cold.  This  is  not  the  case ;  but  I  do  maintain  that  such 
appear  to  oUr  present  view  as  by  far  the  most  important,  as  well 
as  the  most  amenable  to  investigation.  . 

I  earnestly  desire  the  cooperation  of  others  in  developing  the 
untrodden  field  which  forms  the  subject  of  this  paper.  Everything 
in  my  power  which  can  aid  any  one  wishing  to  prosecute  similar 
observations,  shall  be  done  with  the  utmost  heartiness.  Work  of 
this  sort  is  arduous  and  exacting,  and  until  it  is  taken  up  by  many 
persons,  its  progress  will  be  slower  than  its  importance  demands. 
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loTTA  County  Meteor.    By  N.  R.  Leonard,  of  Iowa  City,  Iowa, 

Thk  Iowa  County  Meteor  fell  on  the  evening  of  Feb.  12,  1875, 
at  about  a  quarter  past  ten  o'clock,  local  time.     The  fall  was 
accompanied  by  a  brilliant  light,  and  by  heavy  detonations,  which 
in  some  places  were  sufficiently  violent  to  shake  houses  and  create 
in  the  minds  of  many  an  apprehension  that  an  earthquake  was  in 
progress.     Owing  to  the  general  clearness  of  the  sky,  the  meteor 
was  seen  over  a  wide  extent  of  country ;  the  region  in  which  it 
was  visible  being  at  least  400  miles  long,  from  southwest  to  north- 
east, and  250  miles  in  breadth.     It  apparently  attained  its  maxi- 
mum of  brightness  when  about  sixty  miles  from  the  place  where 
it  struck  the  earth,  at  which  time  it  was  described  as  glowing  with 
an  intense  white  light,  more  brilliant  than  the  moon ;  the  color 
toning  down  successively  to  yellow  and  finally  to  red,  when  it 
disappeared  near  the  town  of  South  Amana,  a  railroad  station  in 
Iowa  County. 

On  the  third  day  after  the  fall,  a  fragment  weighingv  seven 
poundf  six  ounces,  was  found  lying  on  the  snow,  about  three  miles 
southeast  of  South  Amana.  It  was  slightly  adherent  to  the  snow 
and  ice  underneath,  and  an'  examination  of  the  ground  plainly 
showed  that  it  had  first  struck  the  earth  a  little  more  than  thirty 
feet  in  a  direction  nearly  southwest  from  where  ft  was  found. 
Soon  after  the  snow  melted  away,  in  the  latter  part  of  March, 
other  pieces  were  found,  some  larger  than  the  first  one,  others 
smaller,  until,  at  this  date,  the  sum  total  amounts  to  more  than 
500  pounds,  ^he  general  appearance  of  these  fragments  will  be 
seen  from  the  two  specimens  which  are  here  before  us.  The  first 
one  shows  an  unusual  number  of  the  different  features  presented 
by  the  different  fragments. 

I  will  call  your  attention  to  three  of  these  features. 

First :  You  will  see  a  great  many  short,  minute,  and  parallel 
ridges  on  its  surface,  which  have  apparently  been  left  by  the 
melted  matter  as  it  flowed  backward.  From  an  examination 
of  these  ridges,  we  would  naturally  conclude  that  the  fragment 
was  not,  at  the  time  of  their  formation,  moving  forward  by  a 
whirling  or  revolving  motion,  but  with  a  certain  definite  point  in 
front;  and  you  can  see  on  the  edges  farthest  from  this  point, 
where  the  flowing  matter  poured  over  the  edge,  and  formed  a  little 
incrusted  ridge  back  of  these  edges.  '^ 
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Second :  There  are  places  along  some  of  these  edges  where  the 
fragmeot  has  evideDtly  parted  with  some  small  spawls  of  its 
original  mass,  and  over  the  fresh  surfaces  thas  formed  you  mil  see 
a  secondary  coating  which  obviously  consists,  in  part,  of  molten 
matter  from  the  surface  in  front  of  it,  and  which  ran  back  over  it 
and  appears  as  if  pasted  upon  it.^ 

Third:  There  is  an  elevated,  slightly  interrupted  ridge,  sur- 
rounding the  fragment,  a  sort  of  beaded  circlet  if  you  please, 
which  appears  to  consist  of  moltpQ  drops  of  nickeliferous  iron.  I 
have  secured  a  number  of  specimens  marked  in  a  similar  manner, 
and  I  find  that  each  circlet  lies  nearly  in  a  plane.  In  one  case 
there  is  a  fresh  fracture  of  the  specimen  runnin'g  across  this  plane, 
and  the  position  of  the  plane  can  be  traced  acrosd  the  fresh  surface 
by  the  occurrence  therein  of  unusually  large  particles  of  nickelif- 
erous iron.  The  want  of  homogeneous  structure  within  is  here 
traceable  upon  the  outer  surface.  This  also  shows  that  the  iron 
in  these  fragments  has  a  tendency  to  be  aggregated  in  certain 
planes,  thus  leading  to  inquiries  which  should  be  first  of  all  re- 
ferred to  the  Chemist  for  quantitative  examination;  and  to  the 
Physicist  it  presents  the  question :  Under  what  conditions  could 
this  mass  have  taken  its  present  form  ? 

The  second  specimen  shows  three  faces  that  are  covered  with 
the  secondary  coating.  I  will  say  here,  that  out  of  perhaps  100 
different  fragments  of  this  meteor  in  my  collection,  by  far  the 
larger  part  are  almost  entirely  covered  with  what  you  may  call  the 
primary  coating,  and  wherie  it  appears  (by  means  of  a  secondary 
coating),  that  a  part  of  the  original  mass  was  broken  off,  it  is 
generally  but  a  small  part  that  constituted  a  salient  point. 

It  is  not  evident  to  me,  after  a  somewhat  careful  examination  of 
more  than  half  the  whole  mass  found,  that  these  fragments  were 
ever  united  in  one  solid  body.  They  do  not  seem  capable  of  being 
fitted  accurately  together.  Neither  is  there  an  apparent  difference 
in  the  thickness  or  character  of  the  coating  on  the  different  faces 
which  would  lead  me  to  think  that  some  were  originally  on  the 
outside,  and  that  the  others  were  formed  at  a  later  period  by  explo- 
sion. 

The  region  over  which  the  meteorites  were  scattered  is  about 
seven  mffea  Iqhg*  by  foiir  miler  in  its  greatest  .breadth.    Those 
fragmeiits  which  fell  toward  the  southern  end  of  this  field  were' 
nearly  Nail  quite  small,  and  the  largest  piece  yet  formed  weighing 
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seventy-four  pounds,  lay  at  the  extreme  north  of  this  field.  Owing 
to  the  frozen  condition  of  the  ground  and  the  low  angle  of  descent,' 
there  were  but  few  cases  where  the  meteorites  imbedded  themselves 
in  the  earth. 

In  endeavoring  to  compute  the  path  of  the  meteor,  I  found  such 
a  wide  discrepancy  in  the  observations  furnished,  that  I  have  felt 
obliged  to  confine  my  attention  to  those  only  which  were  so  defi- 
nite, and  made  under  such  circumstances  as  to  admit  of  careful 
verification  and  measurement  afterwards.  Such  observations  could 
only  be  obtained  from  tho^e  who  are  somewhat  accustomed  to  ob- 
serve, and  who  had  the  good  fortune  to  see  the  meteor  pass  by 
some  recognized  point,  from  which  the  observer  stood  at  a  known 
distance  and  direction.  From  observations  of  this  character,  I 
have  been  able  to  determine  with  a  fair  degree  of  accuracy,  I 
think,  four  points  in  the  meteor  path. 

The  observations  upon  which  I  have  relied,  were  made  by  Messrs. 
E.  H.  Warrall,  C.  E.,  of  the  U.  S.  Corps  of  Engineers,  stationed 
at  Keokuk,  Iowa.  Prof.  J.  E.  Macomber,  of  Iowa,  Agricultural 
College,  and  Mr.  F.  Christen,  of  Amana,  Iowa  County. 

In  addition  to  these  data  which  were  given  after  careful  instru- 
mental measurements  of  Azimuth  and  Altitude,  I  have  used  two 
estimates  of  elevation  for  the  purpose  of  determining  the  course 
the  meteor  was  pursuing.  These  estimates  were  made  at  a  dis- 
tance of  sixty  miles  south  of  the  place  where  the  meteor  fell,  one 
upon  the  east  side  and  the  other  upon  the  west  of  the  path.  I 
have  visited  the  observers  who  furnished  these  estimates,  and 
going  with  them  to  the  point  of  observation,  had  them  point  out 
for  me  the  elevation  at  which  it  passed  them.  Although  sensible 
that  their  recollection  in  this  respect  may  be  at  fault,  I  think  that 
the  natural  overestimate  of  altitudes,  is  probably  nearly  the  same 
in  both  cases.  And  still  farther,  the  location  of  the  observers  and 
the  nature  of  the  problem  is  such,  that  a  small  variation  in  this 
respect  would  not  change  materially  the  value  of  the  thing  sought. 

The  course  of  the  meteor  thence  deduced  was  from  southwest 
to  northeast  at  an  angle  of  18°  with  the  meridian,  a  result  which 
satisfies  such  other  tests  as  I  have  been  able  to  apply  to  it^  This 
course  can  be  laid  down  upon  a  map  of  Iowa,  by  .drawing  a  line 
through  a. point  three  or  four  miles  eust  of  the^city  of  Ottumwa,  and 
thence  to  a  point  about  one  and  a  half  miles  east  of  the  town  of 
South  Amana. 


74  ▲.    MATHEMATICS   AND  PHT8IC8. 

The  height  of  the  meteor  at  different  distances  fh>m  the  point 
where  the  largest  fragment  fell  is  as  follows : 

At  68  miles  S.W.  according  to  observation  at  Keokuk  15  miles. 
"  38      "       "  "  "  Ag.  Coll.  12      " 

«*  22      "       "  "  "  Amana        8     " 
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Several  of  these  measures  are  closelj  approximated  by  calcala- 
tions  founded  on  estimates  of  elevation  famished  by  different 
persons. 

The  velocity  with  which  the  meteor  path  was  described  cannot 
be  definitely  determined  by  any  data  in  my  possession.  I  will 
give  such  approximations  as  they  furnish. 

Mr.  Warrall,  who  saw  it,  describe  about  fifty  miles  of  its  path, 
gave  the  time  as  five  seconds. 

Mr.*  Ream  of  Oskaloosa,  gave  the  time  of  the  last  thirty-five 
miles  as  from  ten  to  twenty  seconds.  Mr.  Donnell  of  Sigoumey, 
gave  ten  seconds  for  the  same  distance.  Prof.  Macomber  gave 
three  to  four  seconds  for  the  twenty  or  twenty-five  miles  preceding 
the  explosion.  Mr.  Christen,  who  observed  it  through  the  last 
sixty  or  seventy  miles,  gave  the  time  as  ten  to  twelve  seconds. 
The  last  estimate  of  .time  is  pretty  well  substantiated  by  the  dis- 
tance walked  by  Mr.  C.  during  the  time.  Probably  the  average 
velocity  of  the  last  fifty  miles  of  its  path  was  not  above  six  or 
seven  miles  per  second. 


On  the  DiSTRiBmoN  of  the  Asteroids.    By  Daniel  EiekwooDi 
of  Bloomington,  Indiana. 

Nearly  twenty  years  since,  when  the  number  of  known  aste- 
roids was  less  than  fifty,  it  was  inferred  from  physical  considera** 
tions  that  great  irregularity  must  obtain  in  the  distribution  of 
these  bodies,  and  that  gaps  or  chasms  would  be  found  in  those 
parts  of  the  zone  where  the  periods  of  asteroids  would  be  com- 
mensurable with  that  of  Jupiter.  To  verify  this  theory  every 
addition  to  the  group  was  watched  with  interest.    In  1866,  when 
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the  number  had  increased  to  eighty-eight,  the  agreement  between 
theory  and  observation  had  become  so  marked  that  I  ventured  to 
call  attention  to  the  fact  in  a  paper  read  at  the  Baffalo  meeting 
of  this  Association.  The  comparison  of  fact  and  hypothesis  has 
been  continaed  to  the  present  time ;  the  latest  summing  up  of 
results  having  been  made  at  the  Indianapolis  meeting  in  1871. 
Within  the  last  four^ears  thirty-one  members  have  been  addedjbo 
^^  cluster ;  and  it  is  now  proposed  to  show  that  these  recent  dis- 
coveries, more  clearly  than  ever,  illustrate  the  truth  of  the  theory 
suggested  in  1866. 

The  difference  between  the  greatest  and  least  mean  distances  is 
1*28,  and  as  146  members  of  the  group  are  now  known,  a  uniform 
distribution  would  give  0*0088  as  the  average  interval  between 
consecutive  orbits.  The  entire  zone  contains  the  following  dis- 
tances at  which  the  periods  of  minor  planets  would  be  commen- 
surable with  that  of  Jupiter :  — 
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Now,  when  the  members  of  the  group  are  arranged  in  the  order 
of  their  mean  distances,  it  is  found  that  the  widest  intervals  are 
at  the  distances  above  given.    Thus 

At  3-27  the  interval  is  0*1628,  or  18  times  the  mean. 
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It  seems  impossible  to  regard  the  foregoing  as  casual  coinci- 
dences. I  have  elsewhere  assigned  a  physical  cause  for  the  facts 
observed — a  cause  believed  to  be  adequate  both  in  mode  and 
measure. 

Of  the  thirty-one  asteroids  discovered  during  the  last  four  years 
but  one,  according  to  the  published  elements,  is  found  in  a  gap 
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previonsly  indicated.  This  is  No.  139,  which  is  assigned  by  the 
elements  of  Doolittle  and  Wilson  ^  to  that  portion  of  the  zone  in 
which  five  periods  would  be  equal  to  two  of  Jupiter.  If  these  ele- 
ments are  correct,  the  period  of  this  asteroid  has  the  same  ratio 
to  that  of  Jupiter  that  the  latter  has  to  the  period  of  Saturn,  ^s 
the  observations,  however,  (Vom  which  the  planet's  elements  were 
derived,  extended  only  from  the  10th  to  the  17th  of  October,  the 
mean  distance  given  may  be  considerably  modified.  In  this  case 
the  chasm  remaining  about  the  distance  2-82  will  be  five  times 
greater  than  the  mean  interval. 

The  marked  irregularity  in  the  distribution  of  asteroids  through- 
out the  zone  is  presented  at  one  view  in  the  following  table : — 
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In  three  portions  of  the  ring  the  clustering  tendency  is  here 
distinctly  evident.  These  are  from  2-36  to  2-46,  from  2-56  to 
2*76,  and  from  3*06  to  3*16.  We  have  thus  an  obvious  resem- 
blance to  the  rings  of  Saturn ;  the  partial  breaks  or  chasms  in  the 
asteroid  zone  corresponding  to  the  well  known  intervals  in  the 
system  of  secondary  rings. 

It  is  a  remarkable  fact  in  the  development  of  the  solar  system 
that  the  largest  planet,  Jupiter,  should  be  succeeded  by  a  space 
so  nearly  destitute  of  matter  as  the  zone  of  asteroids ;  the  ratio 
of  the  masses  being  that  of  1  to  5180.^    An  explanation  of  this 

1  Astr.  l^ack,^  Ko.  2030. 

*  Adopting  Alexander's  mass  of  the  Asteroids.  Soe  Smithsonian  Contribations  to 
Knowledge,  No.  280,  p.  83. 
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striking  disproportion  was  suggested  in  the  Proceedings  of  the 
American  Philosophical  Society,  for  August  19,  1870.  In  view  of 
the  facts  above  presented,  however,  it  seems  pertinent  to  ask, 
What  woxild  have  been  the  results  of  Jupiter's  influence  on  the  zone, 
had  the  density  of  the  latter  been  equal  to  that  of  other  planetary 
rings? 

As  the  periodic  time  of  nebulous  masses  at  the  distance  3*27 
from  the  centre  of  motion  was  precisely  one-half  that  of  Jupiter, 
the  influence  of  the  exterior  planet  would  give  increasing  eccen- 
tricity to  their  orbits.  The  disturbed  matter  would,  therefore,  be 
brought  into  contact,  either  with  exterior  parts  of  the  ring,  in 
aphelion,  or  with  interior  portions,  in  perihelion.  A  number 
of  planetary  nuclei  would  thus  be  formed  whose  mean  distances 
would  differ  but  little  from  3*27.  These  nascent  planets,  revolv- 
ing in  the  same  direction,  and  receiving  gradual  accretions  of 
matter,  would  move  with  slightly  different  velocities.  Collisions 
would  therefore  follow,  until  finally  all  would  be  collected  into  a 
single  mass,  whose  period  would  be  approximately  half  that  of 
the  disturbing  planet.  Such  a  result,  though  prevented  in  the 
asteroid  zone  by  its  extreme  rarity,  was  realized  in  the  case  of 
Uranus.  A  similar  formation  would  have  taken  place  where  the 
period  of  a  planet  would  be  nearly  one-third  that  of  Jupiter ;  cor- 
responding to  the  ratio  between  the  periods  of  Uranus  and  Saturn. 
Planetary  aggregations  might  have  occurred  at  intermediate  dis- 
tances, but  in  such  case  the  close  proximity  of  considerable  masses 
would  have  resulted  in  collisions  and  "  the  survival  of  the  fittest." 

The  inclinations  of  about  three-fourths  of  the  asteriods  known 
are  less  than  10'',  and  but  three  have  inclinations  greater  than 
25°.  When  we  consider  the  great  number  of  these  bodies,  to- 
gether with  the  fact  Xhat  in  their  primitive,  gaseous  form  their 
dimensions  must  have  been  much  greater  than  at  present,  it  seems 
not  improbable  that  collisions  may  have  occurred  between  comets 
and  asteroids.  The  masses  of  the  former  are  doubtless  in  some 
cases  comparable  to  those  of  the  latter.  In  the  event  of  such 
impact,  therefore,  the  direction  of  the  planet's  motion  might  be 
very  much  modified.  Possibly  the  rare  instances  of  great  inclina- 
tion may  thus  be  explained. 
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Thb  Solab  Atmosphere,  an  Introduction  to  an  Account  op 
Researches  made  at  the  Alleuhent  Observatory.  Bj 
S.  P.  Lanolet,  of  Allegheny,  Penn. 

It  has  long  been  observed  that  the  sun  is  not  everywhere  eqnally 
,  bright,  but  that  the  edge  is  darker  than  the  centi*e,  and  since  a 
self-luminous «phere  should  appear  of  sensibly  uniform  brilliancy, 
so  as  to  present  to  the  eye  the  appearance  of  a  flat  disk,  this 
diminution  of  light  must  be  due  to  some  medium  external  to  the 
photosphere.    Accordingly,   even    before    the    invention  of  the 
spectroscope,   it  was  admitted    that  an  absorbing    atmosphere 
surrounded  the  sun,  and  that  the  effect  would  necessarily  be  to 
diminish  the  amount  of  the  radiation.    LaPlace,  in  the  tenth  book 
of  the  ^^  Mecanique  Celeste,"  has  attempted  to  compute  the  total 
effect  of  this  absorption  fVom  data  furnished  by  observations  of 
Bouguer's,  and  considers  that  were  the  solar  atmosphere  removed, 
the  light  would  be  twelve  times  as  great  as  at  present.    Though 
this  value  is  erroneous,  being  deduced  from  imperfect  data,  by 
processes  which  rest  on  false  hypotheses,  it  may  yet  serve  to  call 
attention  to  the  importance  of  a  somewhat  neglected  field  of  re- 
search, in  which  this  observatory  has  been  in  part  occupied  during 
the  past  three  years. 

Several  estimates  of  the  absorptive  power  of  this  atmosphere 
have  been  made,  differing  widely  from  each  other.  According  to 
that  of  LaPlace  just  cited,  the  absorption  is  about  eleven-twelfths 
of  the  sun's  emission ;  according  to  Llais  less  than  one-twelfth, 
according  to  Secchi  '88.  These  discrepant  results  may  be  due  in 
part  to  different  hypotheses  used  in  computation,  but  they  are  in 
every  case  founded  on  an  experimental  comparison  of  the  light  or 
heat  of  the  sun  observed  at  the  centre,  with  that  observed  near  the 
edge. 

This  direct  comparison  of  the  two  lights,  involves  of  course,  no 
hypothesis,  but  is  simply  a  photometric  measurement,  and  appar- 
ently an  easy  one.  Let  us  examine  the  result  of  this  measurement 
at  different  hands.  Arago,^  using  the  Rochon  prism,  and  analyser 
announced  as  the  conclusion  of  a  prolonged  research,  that  the  light 
observed  at  the  centre  of  the  solar  disk,  must  be  diminished  by 
^'^  part  or  2.4  per  cent,  to  equal  that  of  the  edge.    Liais,  in  a 
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memoir^  which  is  a  model  of  conscientious  care,  announces  Arom 
comparisons  carried  on  through  the  extinction  of  one  light  by  a 
stronger,  that  the  central  light  should  be  diminished  by  about  ten 
per  cent,  to  equal  that  of  the  edge.  His  result  then  is  four  times 
Arago's.  Secchi,  with  a  wheel  photometer,  finds  for  a  nearly  cor- 
responding point  .78  per  cent,  as  the  amount  by  which  the  central 
light  should  be  diminished.  His  result  then  is  seven  times  that 
of  Liais'  and  thirty  times  that  of  Arago's. 

Secchi  has  made  observations  on  the  comparison  op  radiant  heats, 
to  be  found  in  ^*  Le  Soleil,"^  the  most  important  results  of  which 
are,  that  the  heat  diminishes  from  the  centre  to  the  edge ;  that  for 
a  given  point  there  is  a  satisfactory  agreement  between  the  absorp- 
tion of  light  and  heat ;  and  that  the  equatorial  regions  are  hotter 
than  the  polar.  The  present  writer  has  made  somewhat  extended 
researches  in  the  same  direction,  wJiich  are  chiefly  unpublished. 
Vogel  has  made  interesting  researches^  on  the  relative  iBM^tinic 
absoi*ption. 

None  of  those  who  have  attempted  to  compute  the  amount  of 
the  solar  absorption,  appear  to  have  drawn  conclusions  from  their 
results  as  to  its  effects  on  terrestrial  temperatures,  and  yet,  if  the 
absorption  be  anything  like  what  has  been  found  by  LaPlace, 
and  by  Secchi  using  LaPlace's  formulae,  the  subject  deserves 
attention. 

It  will  be  shown  in  a  forthcoming  memoir  that  the  absorption  is 
much  less  than  these  values,  but  that  definite  limits  can  be  assigned 
in  which  it  must  lie,  and  that  at  any  rate  it  is  of  such  importance 
that  the  conditions  of  animal  life  upon  this  planet  largely  depend 
upon  it.  It  will  further  appear  probable  that  with  a  slight  change 
in  the  depth  and  absorptive  power  of  this  atmosphere,  fiuctuations 
in  terrestrial  temperatures  will  ensue,  very  great  in  comparison  to 
any  actually  observed  within  historic  periods,  and  it  will  be  shown 
that  this  atmosphere  is  not  in  a  strictly  stable  condition.  Though 
the  subject  then  is  a  nearly  neglected  one,  and  the  methods  of 
investigation  of  less  apparent  interest  th«i  those  of  the  spectro- 
scopist,  the  results  are,  if  verified,  of  a  peculiar  interest  from  their 
bearing  upon  the  possible  changes  in  the  mean  temperature  and 
climatic  conditions  of  our  own  planet. 

>  Memoirs  de  PAcademie  de  Cherbonrgh. 
•  "  Le  Solell ''  2d  BdlUon,  Paria,  1875. 
AJPogg.   Annal.,  Jan.,  187S. 
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The  portion  of  this  atmosphere  chiefly  concenied  in  absorption 
I  have  been  led  to  believe  from  several  considerations  is  extremely 
thin,  and  I  am  inclined  to  think  this  is  nearly  identical  with  the 
reversing  laj'er  at  the  base  of  the  chromosphere,  observed  by 
Secchi  and  Yonng,  though  the  chromospheric  stratum  may  have 
some  share  in  the  obscuration  observed. 

The  methods  used  at  Allegheny  for  heat  measurements  have 
been  partially  described^  and  need  not  be  enlarged  upon  here. 
Those  for  light  are  believed  to  be  novel  in  their  present  application, 
and  may  be  given  briefly. 

We  have  seen  that  a.  photometric  comparison  of  the  centre  and 
edge  of  the  sun,  is  for  some  reason  attended  with  risk  of  error 
which  we  should  not  anticipate,  but  which  must  be  great,  from  the 
enormous  discrepancies  of  existing  estimates  among  skilled  ob- 
servers ;  for  taking  Arago's  value  as  the  standard,  Liais*s  is  four 
hundred  per  cent,  and  Secchi's  three  thousand  per  cent,  greater. 
Now  skilled  observers,  in  comparing  their  estimates  of  the  ex- 
cess of  the  light  of  a  gas  flame  over  that  of  a  candle,  for  in- 
stance ;  by  the  familiar  methods  of  ordinary  photometry,  need  not 
be  expected,  as  common  experience  shows,  to  commit  errors  which 
are  in  an}''  way  comparable  to  these. 

If  such  familiar  means  as  the  Rumford  and  Bunsen  Photometers 
could  be  used  for  the  direct  comparison  of  the  two  solar  intensi- 
ties, there  seems  no  reason  why  the  results  should  not  be  of  the 
exactness  obtainable  in  the  physical  laboratory,  or  at  least  of  the 
same  order  of  accuracy.  If  results  can  be  obtained  by  such 
means,  they  may  at  least  be  hoped  to  be  free  from  grave  error. 

At  first  sight  it  appears  that  these  methods  are  not  applicable 
to  the  direct  comparison,  for  the  ordinar}'  use  of  either  photometer 
supposes  that  the  relative  distances  of  the  lights  from  the  screen 
can  be  altered,  while  we  cannot  change  the  relative  distances  of 
the  lights  to  be  here  compared,  which  are  two  portions  of  the  sun, 
and  if  we  attempt  to  enfeeble  the  stronger  by  shades,  or  by  diffus- 
ing its  light  through  #  lens  till  it  equals  that  of  the  other,  seen 
direct,  we  lose  the  peculiar  advantages  of  the  methods  which 
assume  that  the  lights  are  viewed  under  the  same  conditions,  and 
measured  by  the  relative  distances  from  the  screen. 

I  arranged  in  June,  1874,  an  apparatus  which  appears  to  be  free 

•  Comptea  Rendns,  May  22»  1876. 
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from  these  objections,  and  which  is  here  described  in  principle, 
not  in  detail.  Let  ns  suppose  that  to  the  equatorial  is  attached 
a  screen,  upon  which  is  described  a  large  circle,  whose  radius  is 
divided  into  one  hundred  equal  parts,  and  whose  centre  is  always 
in  the  prolongation  of  the  optical  axis.  This  screen  receives  an 
enlarged  solar  image  from  an  amplifying  lens.  To  fix  oar  ideas, 
we  may  suppose  that  the  circle  and  image  are  each  always  twenty- 
four  inches  in  diameter,  and  that  a  direct  comparison  i&  to  be  made 
of  the  light  at  the  centre  with  that  of  a  point  three-fourths  of  the 
way  from  the  centre  to  the  western  edge  of  the  sun.  Two  small^ 
and  equal  circular  apertures  are  made  in  the  screen  at  points  eqpi- 
distant  from  the  centre,  or  seventy-five  divisions  of  the  scale  (three- 
fourths  radius)  apart.  The  telescope  is  directed  to  neither  point 
under  examination,  but  to  a  point  of  the  solar  disk  three-eighths 
of  the  way  from  the  centre  to  the  western  edge,  and  which  is, 
therefore,  mid-way  between  the  points  to  be  measured.  The  image 
of  the  centre  now  falls  on  one  of  the  small  apertures  in  the  screen^ 
that  of  the  point  under  examination  on  the  other,  and  through  the 
apertures  pass  two  cones  of  rays  each  slightly  divergent ;  formed 
under  precisely  the  same  conditions,  since  they  come  from  the 
same  lens,  and  are  equidistant  from  the  optical  axis.  Two  small 
prisms  of  total  refiection  (cut  from  the  same  piece  of  glass)  are 
placed  one  behind  each  aperture,  and  these  deflect  the  rays  toward 
each  other,  so  that  the  reflected  portions  of  the  cones,  have  a 
common  axis  behind  and  parallel  to  the  screen,  within  a  chamber 
which  is  lined  with  black,  and  shielded  from  light  so  as  to  form  in 
fact  a  camera  obscura.  There  is  a  small  Bunsen  disk  behind  the 
screen,  and  in  the  camera,  whose  centre  remains  in  the  axis 
common  to  the  reflected  cones,  as  it  (the  disk)  slides  back  and 
forth  on  a  graduated  scale  which  measures  its  distance  from  the 
source  of  illumination.  Evidently  one  light  is  diffused  and  the 
other  concentrated  by  the  disk's-  advance  and  recession  upon  the 
cones,  sensibly  as  though  these  were  formed  by  lights  at  their 
virtual  apices  beneath  the  screen,  which  were  of  the  color  and 
intensity  of  the  portions  of  the  sun  under  examination.  In 
practice  it  is  convenient  to  introduce  a  lens  of  short  focus  between 
each  aperture  and  its  reflector,  so  tiiat  the  cones  while  still  exactly 
similar,  may  be  less  acute.  By  the  substitution  for  the  Bunsen 
disk,  of  a. small  box,  sliding  also  on  the  graduated  scale  and 

*  On  this  scale  the  diameter  of  each  aperture  is  about  ten  seoonda  of  arc. 
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containing  a  second  screen,  and  a  rod  whose  shadows  are  cast 
by  means  of  a  second  pair  of  reflecting  prisms,  we  convert  the 
instrument  into  a  Rumford  Photometer,  and  in  this  form  it  has 
also  been  much  used  here.  This  application  permits  incidentallj 
a  comparison  under  yerj  favorable  circumstances  of  the  color  of 
the  light  from  different  parts  of  the  sun,  which  is  by  no  means 
uniform.  T^en  light  from  near  the  edge  is  juxtaposed  with  that 
from  the  centre,  tt^  shadow  illuminated  by  the  former  is  chocolate- . 
red,"^  while  that  frob  the  latter  is  by  contrast  of  a  peculiar  bluish 
tint  nearly  like  th^t  given  by  the  shade-glass,  called  by  English 
opticians  ^'  Londop  Smoke."  (I  use  these  comparisons,  not  being 
able,  readily,  to  assimilate  these  colors  to  any  of  the  pure 
spectrum).  It  is  worth  while  to  remark  that  this  observation  con- 
firms others  obtained  fh>m  different  means  by  the  writer,  who  has 
elsewhere  announced  the  fact  of  a  selective  absorption  in  the  solar 
atmosphere,  of  such  kind,  that  were  this  envelope  removed,  the 
gain  in  light  would  be  greater  than  the  gain  in  heat.  The  light 
we  receive  from  the  sun  and  universally  call  ^'  white,"  is  thus  seen 
to  be  upon  the  whole  less  refrangible  than  that  which  the  sun 
would  emit  if  deprived  of  its  atmosphere;  in  which  case,  it  is 
hence  evident  that  the  color  of  our  luminary  as  it  grew  brighter, 
would  tend  toward  blue.  If  then,  the  depth  of  the  atmosphere 
were  sufficiently  increased,  our  sun  in  growing  darker  would^  also 
appear  more  red.  To  more  than  suggest  the  possible  influence  of 
such  a  cause  cfn  the  colored  stars  (among  which  the  bluish  are 
distinguished  by  the  absence  of  absorptive  spectra)  and  the  desi- 
rability of  ascertaining  whether  changes  in  color  (if  any  such  are 
verifiable),  are  or  are  not,  accompanied  by  slight  changes  in  appar- 
ent magnitude,  would  lead  us  away  from  the  immediate  subject. 

So  clear  an  exhibition  of  color  in  the  actual  comparison  is  a 
sign  of  the  delicacy  of  the  Rumford  method,  but  it  introduces  a 
disturbance  in  our  estimation  of  the  intensities  of  colored  lights. 
An  arrangement  of  the  Masson  Photometer  in  which  black  and 
white  sectors,  on  a  rapidly  revolving  disk  illuminated  by  the  col- 
ored light  are  viewed  by  the  intermittent  electric  discharge,  has 
been  prepared  to  obviate  this,  but  the  complete  examination  is 
intended  to  include  that  of  juxtaposed  spectra  formed  from  the 
lights  under  examination,  selected  portions  of  which  of  different 

V  This  color  appears  to  haye  passed  annoticed  by  aU  observers  but  Seoohl,  who  re- 
marks that  the  edge  of  the  disk  is  smokj«ed. 
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wave  lengths,  will  be  compared  as  regards  intensity,  by  processes 
which  are  a  development  of  those  mentioned  above.  In  all  such 
comparisons  the  apparatus  is  reversible,  so  as  to  eliminate  any 
inequalities  in  the  material,  position,  or  condition  of  the  rays, 
under  examination,  due  to  the  instrument ;  and  in  practice,  correc- 
tions for  every  form  of  instrumental  error  are  applied,  which  are 
not  here  mentioned. 

The  methods  above  indicated  are,  with  some  slight  modification, 
evidently  adapted  to  the  comparison  of  the  light  of  sun  spots  and 
the  light  adjacent  to  the  limb,  with  that  of  the  centre ;  to  studying 
the  rate  of  diminution  of  light  without  the  disk,  and  to  like  inves- 
tigations ;  and  they  are  now  being  so  used. 

Without  entering  into  detail  I  may  observe  that  the  measure- 
ments of  the  light  of  spots,  though  as  yet  incomplete,  warrant  me 
in  stating  that  the  absorption  of  the  more  refrangible  rays,  though 
great  in  reference  to  that  of  the  less  refrangible,  is  not  so  great  as 
would  appear  from  published  measurements.  It  has  long  been 
supposed  that  the  umbrae  of  spots  were  not  absolutely  dark,  ^hile 
it  has  been  admitted  from  Dawes'  observation,  that  there  is  within 
the  umbra  a  sensibly  black  \^  nucleus,"  and  from  the  assumed  black- 
ness of  this  nucleus  several  astronomers  have  been  led  to  infer 
that  the  nuclei  are  not  openings  into  a  dark  gaseous  interior. 

The  measurement  of  umbrse,  and  of  so-called  ''nuclei,"  here 
shows  not  only  that  neither  are  absolutely  dark,  but  that  the 
absolute  light  of  eilher  is  enormous,  that  of  the  average  nucleus, 
so-called,  being  as  I  find,  at  least  five  thousand  times  that  of  the 
full  moon. 

LaFlace,  assuming  that  the  radiation  in  any  direction  is  constant, 
and  is  proportional  to  the  radiating  area  (or  that  the  radiation  is 
infinite  at  the  edge  of  the  disk),  concludes  that  the  emission  is 
represented  by  the  expression 

where  0  is  the  heliocentric  angle  between  the  earth  and  the  point 
of  the  solar  surface  under  examination,  and  this  assumption  has 
been  adopted  by  Father  Secchi,  who  in  his  latest  edition  of  ''Le 
Soleil,"  gives  results  derived  from  the  use  of  this  integral.  I 
shall  assume  in  accordance  with  what  seem  to  be  the  teachings  of 
modem  physics,  that  a  glqbe  as  large  as  the  sun,  whose  photosphere 
though  perhaps  composed  of  very  light  vaporous  material,  is  yet 
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opake  at  a  limited  depth  (as  observations  on  superposition  of 
solar  cload-strata  have  shown),  that  in  such  a  globe,  radiation 
would  be  proportional  to  the  cosine  of  the  angle  under  which  the 
surface  is  seen,  or  that  the  sun  deprived  of  its  atmosphere  would 
appear  as  a  flat  disk,  whence  it  will  follow  that  the  total  radiation 
of  the  ifun  without  an  atmosphere  being  unity,  that  which  escapes 
through  the  atmosphere,  will  be,  if  we  adopt  La  Place's  formulae 
with  this  correction 
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These  expressions  should  give  IVom  any  observation  of  the  heat 
at  a  given  point  of  the  disk,  to  that  of  the  centre,  a  certain  value 
of  the  absorption  which  should  be  constant  for  any  value  of  d. 
In  fact,  I  find  however,  that  this  is  not  the  case.  The  discrep- 
ancies in  the  summation  I  obtain  for  different  values  of  0  are  not 
casual  and  irregular  as  they  would  be  if  due  to  errors  of  observa- 
tion, but  are  systematic.  This  formula  even  as  corrected,  in  fact 
rests  on  assumptions,  which  are  far  from  the  truth  as  it  seems  to 
me.  These  defective  assumptions  as  they  appear  to  be,  I  expect 
to  point  out  in  a  definite  form,  in  a  subsequent  memoir.  It  seems 
better  then,  to  defer  a  statement  of  the  amount  by  which  the  solar 
radiation  is  absorbed  by  its  atmosphere  until  it  is  accompanied  by 
demonstration.  I  will  only  here  repeat  that  we  may  feel  certain 
that  the  estynates  cited  from  LaPlace  and  Seccbi,  and  which  make 
the  sun's  atmosphere  absorb  f^om  seven-eighths  to  eleven-twelfths 
of  the  radiation  we  should  receive  in  its  absence,  are  far  in  excess 
of  the  truth.  For  the  purpose  of  a  first  approximation  I  may  also 
state  that  from  my  computations,  of  the  so-called  luminous  heat 
^rays,  somewhat  less  than  one-half  the  whole  are  absorbed,  suffer 
reflection,  or  conversion  into  work  in  the  sun's  atmosphere.  The 
total  thermal  absorption  is  again  somewhat  less  than  that  of  the 
luminous  heat,  if,  however,  we  admit  this  result  provisionally, 
then  certain  results  seem  to  follow  which  deserve  mention. 

The  mean  surface  temperature  of  our  globe  is  separated  from 
that  of  absolute  zero  by  a  little  over  500^  of  the  Fahrenheit  scale. 
The  internal  heat  supplied  to  the  surface  is  here  negligable.  The 
temperature  of  interplanetary  space  is  according  to  Fourier  —  60 
C,  according  to  Pouillet — 142,  according  to  Liais — 97.  Liais,  in 
a  memoir  whence  we  cite  these  estimates,  admits  as  a  consequence 
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of  his  own,  that  the  obscure  heat  received  at  the  npper  limit,  of 
our  atmosphere  from  space  (i.  e.,  from  the  chiefly  non-luminous 
matter  which  occupies  it)  is  greater  than  that  fhmished  directly 
by  the  sun,  a  conclusion  which  we. are  not  called  upon  here  to 
adopt,  fhrther  than  to  obsefve  that  on  this,  as  on  either  of  the. 
other  estimates,  the  obscure  heat  received 'from  interplanetary 
matter  by  reflection  fh>m  the  sun  at  the  surface  of  our  atmosphere,, 
is  considerable,  so  that  if  our  luminary  were  wholly  extinguished, 
the  temperature  of  the  earth  would  fall  much  below  that  it  would 
reach  if  only  the  direct  solar  heat  were  withdrawn. 

We  should,  perhaps,  be  warranted  in  entertaining  it  then  as  a 
reasonable  assumption,  that  in  the  complete  absence  of  the  sun  the 
earth's  temperature  would  fall  very  nearly  to— 273  C.  We  prefer  as 
the  basis  of  an  estimate,  confessedly  but  approximate,  to  take  the 
mean  of  this  value  and  of  Pouillet's,  and  using  the  Fahrenheit 
scale,  we  may  then  state  that  of  the  500°  F.  which  on  the  natural 
scale  is  the  approximate  mean  temperature  of  our  globe,  as  much 
as  four-fifths  is  derived  from  the  sun. 

If  it  be  true  then  th^t  the  sun  is  surrounded  by  an  atmosphere 
whose  principal  action  in  obscuring  the  heat  radiation  is  due  to 
a  thin  stratum  which  cuts  off  one-half  of  the  heat  which  should 
reach  us,  and  in  whose  absence  this  radiation  should  be  doubled ; 
an  atmosphere  not  independent  of  the  interior  of  its  globe  in 
such  degree  as  our  own,  but  one  to  and  trom  which  matter  is  con- 
stantly being  added  and  withdrawn,  it  follows  that  any  change  in 
the  ratio  of  supply  and  withdrawal,  or  other  cause  which  should 
increase  its  absorption,  by  so  much  as  25  per  cent,  would  diminish 
the  mean  surface  temperature  of  our  globe  by  100  F.,  whilst  a  like 
diminution  would  produce  a  corresponding  change  in  the  opposite 
direction. 

I  am  unable  to  see  that  if  these  observations  are  correct,  any 
other  result  would  follow,  and  in  either  case  the  existence  of  life 
in  its  present  forms  on  this  planet  seems  dependent  on  the  con- 
stancy within  certain  limits,  of  the  depth  and  absorptive  power  of 
this  solar  envelope.  The  reader  who  may  not  have  closely  observed 
how  far  the  validity  of  this  result  is  dependent  on,  and  how  far 
independent  of  the  hypothesis  just  made  as  to  the  mean  terrestrial 
temperature,  is  invited  to  remark  that  there  is  nothing,  in  any  case, 
hypothetical  in  the  assertion  that  the  earth  would  fall  in  the  absence 
of  the  sun  to  a  mean  temperature  as  low  as  any  actually  observed 


< 


86  A.    MATHSHATIGS  AND  PHYSICS. 

on  its  surface.  If  any  value  attach  to  the  writer's  measurements 
then,  it  will  be  found  from  a  repetition  of  the  calculations  with 
(arctic)  terrestrial  temperatures  actually  observed^  and  hence  within 
the  truth,  that  the  result  remains,  that  a  comparatively  slight  thick- 
ening of  the  solar  atmosphere,  or  a  comparatively  slight  increment 
of  its  absorptive  power,  would  bring  this  planet  back  to  what^we 
must  suppose  were  the  temperatures  of  the  glacial  epochs. 

Father  Secchi  seems  to  think  it  probable,  that  the  difference  be- 
tween the  results  of  the  measurements  of  the  heat  at  different 
portions  of  the  solar  disk  made  at  Rome  in  1852,  and  at  Allegheny 
in  1873-4,  are  explicable  by  a  real  change  in  the  atmosphere  of 
our  luminary.  To  the  writer  it  seems  that  such  a  change  as 
Father  Secchi  assumes,  if  real,  is  (if  interpreted  by  Father  Secchi's 
own  formuls)  likely  to  have  already  altered  the  mean  annual 
temperature  of  our  globe  to  an  amount  sensible  to  every  inhabit- 
ant of  its  surface.  He  is  himself  therefore  of  tMe  opinion  ex- 
pressed by  M.  Faye,  that  no  evidence  of  real  variation  has  yet 
been  established. 

It  will  not  of  course  follow  that  changes  may  not  take  place  in 
cycles  of  time  long  with  reference  to  historical  periods.  All 
analogy  leads  us  indeed  to  think  an  absolute  uniformity  here  most 
improbable. 

Finally  then,  it  appears  that  though  we  are  justified  on  grounds 
established  by  Helmboltz  and  Fricsson,  in  believing  in  the  con- 
stancy of  the  heat  supply  within  the  solar  envelope  for  periods  to 
come,  which  are  with  reference  to  our  terrestrial  part,  almost 
infinite,  we  are  not  justified  by  our  present  investigations,  in 
asserting  that  the  solar  radiation  has  been  constant  during  geolc^c 
periods,  or  is  certain  or  even  likely  to  remain  what  we  now  see  it 
during  corresponding  periods  in  the  future. 

If  there  be  great  cyclical  changes  of  long  period  (and  in  our 
present  ignorance  we  can  only  say  that  such  are  not  antecedently 
improbable),  there  will  be  corresponding  cyclical  changes  in 
terrestrial  temperature,  and  it  is  allowable  to  inquire  whether  we 
do  not  find  here  matter  for  consideration,  in  connection  with  those 
great  changes  of  temperature  on  the  earth  in  past  epochs,  which 
have  in  them  nothing  hypothetical,  which  geology  assures  us  to 
have  indeed  existed,  and  for  whose  possible  cause  no  satisfactory 
suggestion  has  hitherto  been  made. 
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The  Subsidiary  Principle  applied  to  Coinage  and  Monet  of 
Account.    By  E.  B.  Elliott,  of  Washington,  D.  C. 

In  the  markets  of  the  world,  the  values  of  commodities  are  con- 
stantly fluctaating.  Gold  and  silver  are  not  exceptions  to  this 
rule,  and  they,  like  other  commodities,  change  in  relative  value. 
These  metals  have  been  selected  from  time  immemorial,  as  the  best 
for  the  purposes  of  money.  Their  cost  of  production  varies  but 
*  little  from  decade  to  decade.  While  the  fluctuation  in  their  rela- 
tive value  is  constantly  taking  place  it  is  comparatively  smaller 
with  these  metals  than  obtains  in  general  with  other  commodities. 
It  is,  however,  appreciable,  and  a  constancyjof  relative  value 
between  the  two  methods,  however  desirabler^  may  seem,  is  not 
attainable. 

Great  Britain  was  the  first  to  devise,  and  in  1816  to  apply,  the 
principle  by  which  this  obstacle  to  the  simultaneous  and  harmoni- 
'ous  circulation  of  the  two  metals  as  money  could  be  surmounted, 
namely :  the  rendering  of  one  of  the  two  fluctuating  commodities 
subsidiary  to  the  other.  The  method  was,  in  short,  the  making 
gold  a  legal  tender  for  all  amounts,  and  silver  a  legal  tender  only 
for  sums  not  exceeding  forty  shillings  in  one  payment.  Prior 
to  this  time  a  double  standard  had  been  customary  in  England, 
gold  and  silver  being  each  legal  tender  for  all  amounts,  with  re- 
sults such  as  are  uniformly  experienced  in  countries  where  the 
double  standard  legally  exists,  the  market  ratio  of  value  con- 
stantly varying,  sometimes  rising  above  and  sometimes  falling 
below  the  mint  standard,  each  metal  in  turn,  as  it  became  the 
cheaper,  driving  the  other  from  circulation.  A  frequent  result 
was  a  call  for  new  legislation  on  the  subject,  which  usually  tended 
to  reduce  the  value  of  the  monetary  unit  by  diminishing  the  pro- 
portionate quantity  of  metal  in  that  element  of  the  double  standard 
which  for  the  time  being  had  a  market  value  relatively  greater 
than  that  assigned  to  it  by  law. 

In  the  year  1853,  the  United  States  adopted  the  subsidiary 
principle  in  respect  to  the  fractional  silver  coins,  and  such  silver 
was  made  a  legal  tender  in  sums  of  five  dollars  and  under.  But 
the  subsidiary  relation  was  confined  to  fractional  coin  (or  coin  of 
less  nominal  value  than  one  dollar)  and  did  not  apply  to  the  silver 
dollar  until  the  year  1873,  when  the  coinage  of  the  hitherto  legal 
tender  silver  dollar  was  discontinued,  and  that  of  a  subsidiary 
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*' trade  dollar"  so-called,  legal  tender  in  soms  not  exceeding  fiye 
dollars,  was  aathorized  in  its  place. 

In  the  United  States  no  inconvenience  ensued,  owing  to  the  fact 
that  the  ratio  of  the  value  of  gold  to  that  of  silver  adopted  by  the 
mint,  was  during  that  period  always  in  excess  of  the  fluctuating 
market  ratio,  the  former  being  sixteen  to  one,  while  the  latter  was 
between  fifteen  and  one-fourth  and  fifteen  and  six-tenths  to  one. 
The  legal  tender  silver  was  thus  undervalued  and  consequently 
was  practically  demonetized,  since  no  one  would  make  payments 
in  the  relatively  dearer  silver  dollar  when  the  cheaper  gold  would 
avail. 

France,  jointly  with  Switzerland,  Italy  and  Belgium,  adopted,  in 
part,  the  subsidiary  principle  at  their  Quadripartite  Convention 
held  in  1835,  silver  coins  of  lower  denomination  than  five  francs 
being  reduced  in  fineness,  the  weight  remaining  unchanged,  and 
limited  as  legal  tender  to  sums  not  exceeding  fifty  francs.  But 
the  silver  five-franc  piece,  like  the  United  States  silver  dollar,  was 
still  permitted  to  remain  a  legal  tender  for  all  amounts.  Unlike 
the  United  States,  however,  these  countries  did  suffer  inconven- 
ience from  the  change,  Uie  mint  ratio  assumed  being  fifteen  and 
one-half  to  one,  while  the  market  ratio  fluctuated  above  and  below 
that  point.  From  the  year  1852  to  about  the  year  1870,  the  fluc- 
tuating market  ratio  averaged  fifteen  and  three-eighths  to  one, 
and  gold  circulated  to  the  exclusion  of  the  legal  tender  silver. 
Since  then  the  market  ratio  has  risen  to  a  point  above  the  mint 
standard,  and  given  a  tendency  to  silver  to  circulate  to  the  exclu- 
sion of  gold,  which  latter  has  now  become  relatively  the  dearer. 
This  tendency,  the  Governments  represented  in  the  Quadripartite 
Convention,  have  partly  counteracted  by  retiring  the  legal  tender 
silver,  and  diminishing  the  amount  of  its  coinage. 

Germany  and  the  Scandinavian  countries  of  Sweden,  Norway 
and  Denmark,  have  lately  endeavored  to  recede  from  their  former 
exclusive  silver  standard  and  to  adopt  instead  a  gold  standard, 
legal  tender  in  all  amounts,  with  a  new  subsidiary  silver  coinage 
restricted  as  legal  tender  to  limited  amounts.  But  Germany,  like 
France  with  respect  to  its  silver  five-franc  piece,  retained  and  still 
retains  a  part  of  its  old  silver  coinage,  the  thaler-piece,  a  legal 
tender  in  all  amounts.  As  a  result,  she  has  experienced  great 
diflculty  in  placing  her  newly  coined  issue  of  gold  in  the  market, 
such  gold  either  being  at  once  exported,  which  is  commonly  the 
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case,  or,  being  remelted  at  home.  In  establishing  the  new  coinage 
the  German  Government  assumed  the  ratio  of  the  value  of  gold  to 
that  of  silver  at  fifteen  and  one-half  to  one,  by  fixing  the  relative 
weights  of  the  two  metals  for  like  denominations  upon  that  basis. 
The  market  value  in  the  same  period  was  sixteen  and  one-half  to 
one,  and  the  silver  being  relatively  the  cheaper,  excluded  the  gold 
from  circulation. 

Germany  suffers  from  embarrassment  on  this  account,  not  even 
legislative  enactments  or  an  Emperor's  edicts  enabling  the  two 
metals  to  circulate  simultaneously  when  that  would  conflict  with 
the  laws  of  trade.  To  demonetise  her  former  silver  standard  at 
once  might  have  the  effect  of  injuring  public  confidence  }gy  impair 
ing  the  faith  of  contracts. 

A  slower  process,  and  perhaps  a  safer,  would  be  to  declare  the 
old  standard  silver  coinage  a  legal  tender  only  in  limited  amounts, 
instead  of,  as  now,  in  all  amounts ;  not  necessarily,  however,  in 
limits  so  narrow  as  those  which  have  been  adopted  by  other 
and  by  the  Germans  themselves  for  their  new  coinage.  The  range 
should  not  be  so  great  as  to  include  all  the  larger  transactions  of 
the  market  as  shown  at  the  clearing-house.  It  seems  not  unlikely 
that  a  favorable  result  would  follow  the  declaring  of  this  form  of 
silver  coinage  a  legal  tender,  at  first  in  sums  not  exceeding  $1,000, 
this  limit  to  be  thereafter  reduced  as  expediency  may  dictate  until 
the  value  of  such  silver  should  rise  nearly  to  the  new  gold  standard. 

The  relations  of  gold  to  greenbacks  in  this  country,  and  of  gold 
to  silver  in  Germany,  are,  to  a  certain  extent,  similar,  and  it  is 
worthy  of  consideration  whether  the  United  States  might  not  find 
its  efforts  to  bring  about  the  redemption  of  our  paper  currency  in 
1879,  authorized  by  the  late  act  of  Congress,  facilitated  by  adopt- 
ing as  one  of  the  methods  of  attaining  this  object,  the  declaration 
that  the  greenback  currency  should  be  a  legal  tender  only  within 
some  certain  large  but  limited  amount.  The  limit  might  be 
gradually  reduced  to  a  smaller  amount  after  an  opportunity  had 
been  afforded  to  observe  the  first  effects  of  the  new  movement. 
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Aococirr  of  ▲  Baseline  Measdrbkent,  teebbb  tuces  bleated, 
IN  the  U.  S.  Coast  Subvet.^  By  J.  E.  Hiloabd,  of 
Washington,  D.  C. 

The  measurement  of  a  baseline  is  the  most  important  and  deli- 
cate operation  of  a  geodesic  Survey,  and  in  all  works  of  the  kind 
the  greatest  pains  have  been  taken  to  obtain  this  fundamental  ele- 
ment of  length  with  the  utmost  attainable  accuracy.  The  appar- 
atus for  measuring  baselines  used  in  the  U.  S.  Coast  Survey,  has 
been  described  to  this  Association  at  its  meeting  in  1854  (see 
volume  of  Washington  meeting)  by  the  late  E.  B.  Hunt,  Major  of 
Engineeif ,  at  that  time  attached  to  the  Coast  Survey  service. 
For  the  mechanical  details  of  the  apparatus,  the  illustrative  plates 
appended  to  the  present  paper  may  be  referred  to.  It  will  be 
sufficient  here  to  recapitulate  its  principal  features,  and  to  mention 
an  important  addition  recently  made. 

The  principal  objects  to  be  had  in  view  in  the  measurement  are, 
first,  the  accurate  repetition  of  the  unit  of  length  which  is  em- 
ployed, and,  second,  the  ascertainment  of  its  length  daring  meash 
ure,  or,  in  other  words,  the  keeping  account  of  the  changes  of 
length  occasioned  by  temperature.  Among  the  most  obvious 
means  of  testing  the  correctness  of  the  allowance  made  in  that 
respect,  is  that  of  measuring  the  same  line  at  greatly  differing 
temperatures,  and  thus  ascertaining  the  correction  for  temperature 
by  actual  application  of  the  unit  to  the  whole  length  to  be  meas- 
ured. That,  however,  is  a  very  expensive  operation,  and  has  not 
been  often  undertaken. 

Within  two  years,  however,  a  baseline  of  about  six  miles  in 
length,  situated  near  Atlanta,  Greorgia,  has  been  measured  in  the 
Coast  Survey,  in  connection  with  the  extension  of  the  primary 
triangulation  along  the  Appalachian  Chain,  and  in  order  to  test 
its  accuracy  the  operation  was  performed  three  times.  After 
the  first  measure,  which  was  made  at  a  rather  low  temperature  late 
in  the  autumn,  it  was  again  measured  at  nearly  the  same  temper- 
ature, but  in  the  inverse  direction,  in  order  to  test  the  accuracy 
with  which  the  measurement  could  be  repeated  under  the  same 
conditions,  but  inverting  the  operation  of  a  certain  class  of  errors, 
viz. :  those  arising  from  the  instability  of  the  apparatus  or  inclined 

1  Commnnlcated,  with  the  pezmisfllon  of  the  Saperintendent,  by  J.  B.  HUgard, 
ABsiBtant  U.  8.  Coast  Surrey. 
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grades.  A  third  measurement  was  undertaken  the  next  following 
summel^  at  a  temperature  46"  higher  than  the  temperature  at  which 
the  winter  measurement  had  been  made. 

The  results  of  these  three  measurements  agree  in  a  most  extra- 
ordinary manner,  the  greatest  divergence  being  less  than  the  mil- 
lionth part  of  the  whole  length.  We  may  recall,  in  order  to  get  a 
comparison  for  this  degree  of  accuracy,  that  until  very  lately, 
until  in  fact  the  construction  of  the  apparatus  for  the  International 
Standards  Commission,  it  has  been  thought  a  good  result  to  com- 
pare single  metre-bars  with  each  other,  to  the  accuracy  of  a 
thousandth  part  of  a  millimetre.  It  will  be  observed  that  this  is 
a  millionth  part  of  the  whole — precisely  the  accuracy  which  we 
have  attained  in  the  measurement  of  six  miles. 

I  have  at  once  put  forth  the  result  as  the  warrant  for  the  more 
detailed  statement  which  I  am  about  to  make,  of  the  quantities 
involved  in  the  experiment,  and,  without  entering  into  unneces- 
sary detail,  will  now  recite  the  conditions  upon  which  the  use  of 
the  apparatus  of  the  Coast  Survey  rests. 

It  is,  in  the  first  instance,  a  compensating  apparatus,  so  con- 
trived, by  the  combination  of  a  bar  of  iron  and  a  bar  of  brass,  of 
six  metres  or  about  twenty  feet  in  length,  as  to  maintain  nearly 
the  same  length  at  all  temperatures.  This  is  effected,  not  only 
with  regard  to  stationary  temperatures,  by  means  of  an  appro- 
priate lever  arrangement,  such  as  occurs  in  compensating  pendu- 
lums, and  may  be  made  in  different  modes ;  but  it  is  also  so  formed 
as  to  maintain  the  compensation  during  changes  of  temperature ; 
that  is  to  say,  the  two  bars  are  so  proportioned  in  mass  and  thick- 
ness to  their  relative  specific  heat  and  conductivity,  that  they  will 
change  temperature  equally  in  equal  times — an  element  which  had 
not  been  considered  in  the  compensating-bars,  that  had  been  con- 
structed previously,  either  those  of  Mr.  Borden  of  Massachusetts, 
or  of  Col.  Colby,  of  the  British  Survey. 

Tliis  compensation,  of  course,  cannot  be  supposed  to  be  effected 
with  absolute  precision,  as  in  every  mechanical  arrangement  some 
residual  error  remains,  and  consequently  some  correction  must  be 
applied.  The  great  gain  consists  in  this,  that  when  we  have  re- 
duced the  correction  arising  from  the  change  of  length  by  temper- 
ature to  about  its  fiftieth  part  (which  has  been  effected),  then  we 
need  not  concern  ourselves  so  much  as  to  the  precise  temperature 
of  the  bars  at  the  time  of  measurement.    And  nothing  is  more 
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diflScult  than  to  ascertain  the  temperature  of  any  one  piece  of  sab- 
stance  by  some  other  piece  or  apparatus,  such  as  the  thenA>meter. 
The  thermometer  will  show  its  own  temperature,  but  to  make  it 
show  the  temperature  of  something  else,  is  quite  another  matter, 
and  especially  difficult  in  the  field-measurements,  where  the  bars 
are  exposed  to  the  influence  of  the  sun ;  and  although  protected 
by  a  proper  casing,  are  still  subject  to  very  great  variations  of 
temperature. 

Furthermore,  the  compensation  itself  is  necessarily  effected  by 
mechanical  means.  There  are  moving  parts;  there  are  knife- 
edges  which  will  wear ;  and  no  such  thing  as  permanence  can  be 
expected  in  a  compound  apparatus  of  that  sort,  which  is,  therefore, 
used  only  as  a  means  of  repeating  a  certain  unit  of  length,  to 
which  it  is  frequently  referred  by  comparisons  with  a  permanent 
standard,  consisting  of  a  single  bar  of  metal  which  is  not  subject 
to  any  other  changes  except  those  of  temperature. 

The  operation  of  a  base-measurement  consists,  so  far  as  the 
value  of  the  unit  of  length  is  concerned,  in  this ; '  before  the  meas- 
urement is  actually  undertaken  on  the  ground,  after  the  apparatus 
has  undergone  transportation  by  railway,  the  measuring  bars  are 
compared  with  an  iron  standard  bar  of  six  metres  that  has  been 
carried  along,  and  which  is  at  least,  not  subject  to  any  mechanical 
changes.  To  obviate  doubt  as  to  any  molecular  changes  in  this 
bar,  affecting  its  length,  it  is  compared,  before  being  taken  to  the 
field  and  after  its  return,  with  a  similar  bar  kept  constantly  at  the 
office  in  Washington.  After  the  measurement  the  apparatus  is 
again  compared  with  this  standard,  so  that  the  apparatus  serves 
merely  to  carry  forward  the  length  of  the  standard  without  change 
from  temperature,  and  the  baseline  is  actually  mea&ured  in  the 
terms  of  the  standard  bar,  to  which  the  measuring  bars  are  con- 
stantly referred.  The  mean  temperature  of  these  comparisons 
will  generally  differ  but  a  few  degrees  fW>m  that  of  the  base-meas- 
urement itself,  and  it  is  only  for  such  difference  that  any  error  in 
the  compensation  can  affect  the  result.  The  whole  reduction  for 
temperature,  therefore,  is  thrown  upon  the  standard  bar,  that  is, 
the  reduction  of  its  length  at  the  actual  temperature  of  comparison 
with  the  measuring-bars  to*  that  temperature  at  which  it  has  the 
exact  length  of  six  metres.  It  is,  therefore,  of  the  greatest 
importance  to  know  accurately  the  length  of  that  bar  at  different 
temperatures,  or,  in  other  words,  its  rate  of  expansion. 
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I  omit,  in  this  statement,  any  description  of  the  manner  in 
which  a  bar  of  six  metres  was  obtained  from  a  single  metre  (re- 
ferring only  to  the  Coast  Survey  Report  for  1862,  Appendix  No. 
46),  for  I  consider  the  baseline  expressed  in  terms  of  this  six- 
metre  bar,  as  it  was  then,  it  being  the  actual  unit  employed.  Of 
course,  its  uncertainty  is  far  less  as  expressed  by  that  unit,  than 
in  terms  of  one  metre  to  which  that  length  of  six  metres  must  be 
referred. 

Now,  in  order  to  obtain  the  length  of  the  six-metre  bar  at  differ- 
ent temperatures,  or  its  rate  of  expansion,  there  were  made,  under 
my  immediate  direction,  about  fifteen  years  ago,  experiments, 
which  were  conducted,  by  permission  of  Prof.  Henry,  in  the  vaults 
of  the  Smithsonian  Institution.  They  have  been  published  in  the 
Coast  Survey  Report  for  1862,  but  this  is  perhaps,  the  first  occa- 
sion that  has  presented  itself,  of  demonstrating  their  great  accu- 
racy and  of  drawing  more  particular  attention  to  them. 

During  these  experiments,  the  bar,  accompanied  by  five  ther- 
mometers, was  immersed  in  a  box  filled  with  sperm  oil,  of  which 
fifty  gallons  were  employed.  Water  would  have  been  preferable, 
on  account  of  its  great  specific  heat,  but  the  bar  being  of  iron  it 
was  not  admissible.  The  thermometers  and  bar  being  thus  in- 
serted in  a  very  considerable  mass  of  oil,  there  was  reason  to 
suppose  they  would  indicate  the  actual  temperature  of  the  bar. 
To  change  the  temperature,  a  system  of  iron  pipes  was  so  ar- 
ranged in  the  corners  of  the  box,  as  to  admit  of  the  circulation  of 
hot  or  pold  water,  moved  by  means  of  a  small  hand-pump.  In 
heating  from  about  S9^ — which  was  really  the  lowest  temperature 
that  we  could  permanently  maintain  in  the  mean  temperature  of 
the  vault,  which  was  45** — up  to  about  96**,  ten  hours  were  occu- 
pied, but  notwithstanding  this  slow  increase  the  thermometers  got 
sensibly  ahead  of  the  bar ;  so  that  the  series,  as  protracted  upon 
rising  temperatures,  were  useless  for  discussion.  It  was  only  when 
some  high  point  had  been  reached  and  maintained  for  some  time 
and  then  the  natural  cooling  allowed  to  take  place,  which  spread 
over  a  period  of  forty-eight  hours,  that  the  results  represented  in 
the  diagram  were  obtained.  The  annexed  plate  gives,  besides  a 
section  of  the  box,  showing  the  bar  supported  upon  rollers  and 
the  arrangement  of  the  heating  pipes,  a  graphic  representation  of 
the  four  series  of  observations,  marked  A,  B,  C,  D,  in  which  the 
actual  expansion  is  magnified  one  hundred  and  twenty  times.    The 
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temperature  scale  for  each  series  is  moved  down  5^  below  the  pre- 
ceding one,  in  order  to  separate  the  lines  joining  the  points  of  ob- 
servations. The  straightness  of  these  lines  corresponds,  of  course, 
to  a  uniform  rate  of  expansion,  their  parallel  course  to  the  same 
rate  in  the  different  series.  Their  length  varies  with  the  different 
range  of  temperature  through  which  that  series  was  carried.  The 
longest  line  here  represents  an  expansion  of  nearly  one-tenth  of 
an  inch,  which  was  experienced  between  temperatures  of  about 
34^  to  94^.  A  single  glance  at  the  diagram  suffices  to  show  a 
great  accordance  in  the  observations.  The  results  of  the  several 
series,  when  expressed  in  the  form  of  the  coefficient  of  expansion, 
are  as  follows : 

A.  Coefficient  of  expansion  for  1**  Fahr.=  0.000,006,430 

B.  Coefficient  of  expansion  for  1^  Fahr.=:  6,405 

C.  Coefficient  of  expansion  for  1**  Fahr.=  6,407 

D.  Coefficient  of  expansion  for  1**  Fahr.=  6,400 


Mean.   Coefficient  of  expansion  for  1**  Fahr.=  0.000,006,410 

with  a  probable  error,  from  all  sources,  of  perhaps  ±  0.000,000,02. 
As  the  six-meter  bar  has  its  standard  length  near  the  temperature 
of  melting  ice,  the  uncertainty  of  the  length  assignable  to  it  at 
other  temperatures  increases  with  the  difference  of  temperature 
from  32°;  thus  at  82**  its  length  will  be  increased  by  50X6X 
0.000,000,641  =  0.001,923  metres  or  nearly  two  millimetres,  and 
the  uncertainty  of  this  increase  will  be  0.000,006  metres,  which  is 
the  millionth  part  of  the  whole  length. 

In  the  correction  for  temperature  resides  the  main  difficulty  in 
the  measurement  of  a  base-line.  The  method  of  repetition,  that  is 
to  say,  of  contact,  whether  optical  or  actual,  is  readily  made  so 
accurate  that  the  accumulating  error  from  that  source  is  wholly 
insignificant  in  the  length.  For  there  will  be  naturally  a  compen- 
sation of  this  class  of  errors,  and  if  we  admit  them  to  be  as  likely 
to  occur  in  one  direction  as  in  the  other,  then  in  sixteen  hundred 
contacts  the  probable  error  of  one  contact  will  be  augmented  only 
forty  times.  Now,  that  there  should  be  an  error  so  great  as  the 
thousandth  part  of  an  inch,  can  be  admitted  only  with  the  rudest 
sort  of  linear  optical'  contact  looked  on  with  the  magnifier,  for  an 
ordinary  vernier  reading  on  a  divided  circle  of  eight  inches  diame- 
ter has  an  accuracy  of  about  the  ten-thousandth  of  an  inch. 
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But  in  the  use  of  this  apparatus  there  is  another  source  of  error 
dependent  on  a  quality  possessed  by  it,  which  determines  the  great 
facility  for  its  use  in  the  field,  namely,  the  arrangement  by  which 
it  is  i)Ossible  to  use  it  at  different  inclinations.  By  reference  to 
fig.  8,  the  mode  in  which  the  contact-rod  acts  upon  the  tilting 
level  is  clearly  seen :  it  is  pushed  back  against  a  curved  abutting 
piece  which  tilts  the  level  on  its  pivots  until  its  bubble  stands  in 
the  middle — in  which  position  the  "tube"  or  measuring-bar  has 
been  compared  with  the  standard.  Now,  when  the  bar  is  placed 
at  an  inclination  to  the  horizon,  the  sector  which  carries  the  tilting- 
level  and  curved  abutting  piece  is  turned  about  its  centre  into  a 
horizontal  position,  indicated  by  the  large  spirit-level  attached  to 
it.  The  end  of  the  contact-rod  will  now  abut  against  some  other 
part  of  the  curve,  but  if  the  latter  is  a  true  circle  the  centre  of 
which  coincides  with  the  centre  of  motion  of  the  sector,  the  length 
of  the  measuring-bar  will  remain  unchanged.  It  is  only  necessary 
then  to  reduce  the  length  to  the  horizon  by  the  angle  of  inclinar 
tion,  which  can  be  very  accurately  read  on  the  divided  arc. 

The  adjustment  of  the  curved  abutting-piece  to  the  required 
position  has  of  course  been  made  the  subject  of  most  careAil  ex- 
periment in  the  workshop.  It  will  be  readily  seen  that  if  it  is  not 
correctly  adjusted,  the  effect  of  the  error  will  be  in  opposite  direc- 
tions for  upward  or  downward  inclinations,  and  will  therefore  be 
inverted  when  the  direction  of  measurement  is  inverted. 

The  same  change  in  the  direction  of  effect  upon  the  measured 
length  obtains  for  any  sliding  of  the  bars  on  their  supports.  In 
this  particular  base-line  several  series  of  tubes  were  measured 
with  inclinations  of  about  four  degrees,  especially  near  the  ends 
of  the  line,  which  were  necessarily  chosen  on  elevated  gi*ound. 
In  such  cases  the  reduction  for  th6  versed  sine  becomes  quite  con- 
siderable, and  the  angle  of  inclination  requires  to  be  measured 
with  great  accuracy.  The  aggregate  correction  for  inclination 
amounted  to  nearly  twelve  metres,  or  about  thirty-nine  feet. 

The  measurements  in  opposite  directions  at  nearly  the  same 
average  temperature,  thus  served  as  a  test  of  the  perfection  of  the 
apparatus  in  respect  to  the  two  conditions  just  specified,  while 
that  made  at  a  very  high  temperature  verified  the  compensation 
of  the  measuring-bars,  and  the  rate  of  expansion  adopted  for  the 
standard  bar.    The  difference  in  the  reduction  for  temperatures 
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between  the  summer  and  winter  measures  amounts  to  2.76  metres, 
or  a  little  over  nine  feet. 

Not  only  was  the  Atlanta  base-line  measured  three  times,  as  de- 
scribed, but  at  each  mile  a  permanent  mark  was  made,  and  all 
three  measurements  compared ;  so  that  we  have  eigliteen  compar- 
isons, and  are  able  to  deduce  the  probable  error  of  our  operation 
with  far  greater  confidence  than  we  could  derive  from  merely  the 
coincidence  of  three  separate  measures  of  the  entire  distance. 

The  following  table  gives  in  millimetres  the  differences  at  the 
several  monuments  of  each  measure  from  their  common  mean. 


LINE. 

DISTANCE. 

TEMP.  G2*. 
Firet  measure. 

TEMP.  44*. 
Second  measure. 

TEMP.  90*. 
Third  measure. 

B     ■ 

B    B 

B     B 

8.  W.  to  I. 

1686- 

—  6  09 

+  176 

+  3-83 

I  to  II. 

1643 

+  0-90 

-3-88 

+  1-97 

II  to  M. 

12Si 

+  4-37 

—  0-23 

-4-14 

MtoIV. 

1349 

—  3-29 

-f-3-38 

-108 

IV  to  v. 

1786 

—  3-68 

+  1-60 

+  M8 

V  to  N.  E. 

1603 

—  3  81 

—  3-85 

+  716 

S.  W.  to  N.  E. 

0339 

—  810 

—  032 

+  8-41 

This  table  shows  a  maximum  deviation  of  less  than  one  in  a 
million ;  the  frequent  change  of  sign  indicates  that  no  consider- 
able constant  error  exists  in  any  one  of  the  three  measures,  and 
that  the  residuals  are  not  in  any  considerable  degree  affected  by 
the  correction  for  temperature.  They  are  mainly  due  to  the 
mechanical  uncertainty  of  the  measurement,  among  which  is  the 
stabilility  of  the  apparatus,  or  the  perfection  with  which  each 
tube  retains  its  place  during  the  time  between  its  being  put  in 
contact  with  the  preceding  bar,  and  the  completion  of  the  next 
contact  against  its  forward  end.  I  take  it  that  here  we  have  the 
chief  source  of  the  variations  in  the  whole  affair.  The  stability 
of  the  apparatus  is,  however,  very  great. 

It  will  be  of  interest  to  know  that  after  the  line  has  been  graded 
the  measurement  can  readily  be  made  at  the  rate  of  one  bar  in 
three  minutes,  and  ten  working  days  of  eight  hours  will  suffice  to 
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between  the  summer  and  winter  measures  amounts  to  2.76  metres, 
or  a  little  over  nine  feet. 

Not  only  was  the  Atlanta  base-line  measured  three  times,  as  de- 
scribed, but  at  each  mile  a  permanent  mark  was  made,  and  all 
three  measurements  compared ;  so  that  we  have  eighteen  compar- 
isons, and  are  able  to  deduce  the  probable  error  of  our  operation 
with  far  greater  confidence  than  we  could  derive  fVom  merely  the 
coincidence  of  three  separate  measures  of  the  entire  distance. 

The  following  table  gives  in  millimetres  the  differences  at  the 
several  monuments  of  each  measure  from  their  common  mean. 


LINE. 

DI8TANCB. 

TEMP.  62*. 
First  meastire. 

TEMP.  44*. 
Second  measure. 

TEHF.  90*. 
Third  measure. 

m  n 

■  m 

■     B 

8.  W.  to  I. 

1688- 

—  6  09 

+  176 

+  3-32 

I  to  II. 

1642 

-»-0'90 

—  2-88 

+  1*97 

UtoM. 

12S4 

-f  4-37 

-0-23 

—  414 

MtoIV. 

1349 

—  2-29 

-f3-38 

—  108 

IV  to  V. 

1786 

—  2-68 

+  1-60 

+  1-18 

V  to  N.  E. 

1692 

—  3-31 

—  8-85 

+  716 

S.  W.  to  N.  E. 

9339 

—  810 

-0-32 

+  8-41 

This  table  shows  a  maximum  deviation  of  less  than  one  in  a 
million ;  the  frequent  change  of  sign  indicates  that  no  consider- 
able constant  error  exists  in  any  one  of  the  three  measures,  and 
that  the  residuals  are  not  in  any  considerable  degree  affected  by 
the  correction  for  temperature.  They  are  mainly  due  to  the 
mechanical  uncertainty  of  the  measurement,  among  which  is  the 
stabilility  of  the  apparatus,  or  the  perfection  with  which  each 
tube  retains  its  place  during  the  time  between  its  being  put  in 
contact  with  the  preceding  bar,  and  the  completion  of  the  next 
contact  against  its  forward  end.  I  take  it  that  here  we  have  the 
chief  source  of  the  variations  in  the  whole  affair.  The  stability 
of  the  apparatus  is,  however,  very  great. 

It  will  be  of  interest  to  know  that  after  the  line  has  been  graded 
the  measurement  can  readily  be  made  at  the  rate  of  one  bar  in 
three  minutes,  and  ten  working  days  of  eiglrt  hours  will  suffice  to 
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between  the  summer  and  winter  measures  amounts  to  2.76  metres, 
or  a  little  over  nine  feet. 

Not  only  was  the  Atlanta  base-line  measured  three  times,  as  de- 
scribed, but  at  each  mile  a  permanent  mark  was  made,  and  all 
three  measurements  compared ;  so  that  we  have  eighteen  compar- 
isons, and  are  able  to  deduce  the  probable  error  of  our  operation 
with  far  greater  confidence  than  we  could  derive  from  merely  the 
coincidence  of  three  separate  measures  of  the  entire  distance. 

The  following  table  gives  in  millimetres  the  differences  at  the 
several  monuments  of  each  measure  from  their  common  mean. 


LINB. 

DI0TAKOB. 

TSMP.  38*. 

First  measure. 

•nnrp  11* 
Second  measure. 

TEMP.  90". 
Third  measure. 

■  ■ 

m  m 

■  m 

6.  W.  to  I. 

168»> 

—  6  09 

+  176 

+  8-83 

I  to  II. 

1649 

+  0-90 

—  2-88 

+  1-97 

ntoM. 

ISM 

+  4  87 

—  0^ 

—  4-14 

Mtorv. 

1349 

—  8-29 

+8-88 

-108 

rvtov. 

1786 

—  8*68 

+  1-60 

+  1-18 

V  to  N.  E. 

160B 

—  831 

—  8-85 

+  716 

S.  W.  to  K.  E. 

0388 

—  810 

—  0-83 

+  8*41 

This  table  shows  a  maximum  deviation  of  less  than  one  in  a 
million ;  the  frequent  change  of  sign  indicates  that  no  consider- 
able constant  error  exists  in  any  one  of  the  three  measures,  and 
that  the  residuals  are  not  in  any  considerable  degree  affected  by 
the  correction  for  temperature.  They  are  mainly  due  to  the 
mechanical  uncertainty  of  the  measurement,  among  which  is  the 
stabilility  of  the  apparatus,  or  the  perfection  with  which  each 
tube  retains  its  place  during  the  time  between  its  being  put  in 
contact  with  the  preceding  bar,  and  the  completion  of  the  next 
contact  against  its  forward  end.  I  take  it  that  here  we  have  the 
chief  source  of  the  variations  in  the  whole  affair.  The  'stability 
of  the  apparatus  is,  however,  very  greats 

It  will  be  of  interest  to  know  that  after  the  line  has  been  graded 
the  measurement  can  readily  be  made  at  the  rate  of  one  bar  in 
three  minutes,  and  ten  working  days  of  eight  hpurs  will  suffice  to 
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between  the  summer  and  winter  measures  amounts  to  2.76  metres, 
or  a  little  over  nine  feet. 

Not  only  was  the  Atlanta  base-line  measured  three  times,  as  de- 
scribed, but  at  each  mile  a  permanent  mark  was  made,  and  all 
three  measurements  compared ;  so  that  we  have  eighteen  compar- 
isons, and  are  able  to  deduce  the  probable  error  of  our  operation 
with  far  greater  confidence  than  we  could  derive  from  merely  the 
coincidence  of  three  separate  measures  of  the  entire  distance. 

The  following  table  gives  in  millimetres  the  differences  at  the 
several  monuments  of  each  measure  from  their  common  mean. 


UNS. 

DIflTAVOB. 

TSMP.68*. 

First  meaanre. 

TBMP.  44*. 

Second  measure. 

TBMF.  90*. 
Third  measare. 

■  ■ 

a  « 

■  a 

S.  W.  to  I. 

!(»»> 

—  5  09 

+  178 

+  8*89 

I  to  II. 

164S 

+  0-90 

—  9  88 

+  1-97 

ntoM. 

1SS4 

•f4-87 

—  0-98 

—  4-U 

Mtorv. 

1349 

—  9-29 

+  8-88 

—  108 

rvtov. 

1786 

—  S-68 

+  l*fiO 

+  1-18 

V  to  N.  B. 

len 

—  8-81 

—  8*85 

+  716 

8.  W.  to  N.  E. 

0889 

—  810 

—  0-88 

-f-8-41 

This  table  shows  a  maximum  deviation  of  less  than  one  in  a 
million ;  the  frequent  change  of  sign  indicates  that  no  consider- 
able constant  error  exists  in  any  one  of  the  three  measures,  and 
that  the  residuals  are  not  in  any  considerable  degree  affected  by 
the  correction  for  temperature.  They  are  mainly  due  to  the 
mechanical  uncertainty  of  the  measurement,  among  which  is  the 
stabilility  of  the  apparatus,  or  the  perfection  with  which  each 
tube  retains  its  place  during  the  time  between  its  being  put  in 
contact  with  the  preceding  bar,  and  the  completion  of  the  next 
contact  against  its  forward  end.  I  take  it  that  here  we  have  the 
chief  source  of  the  variations  in  the  whole  affair.  The  'stability 
of  the  apparatus  is,  however,  very  great. 

It  will  be  of  interest  to  know  that  after  the  line  has  been  graded 
the  measurement  can  readily  be  made  at  the  rate  of  one  bar  in 
three  minutes,  and  ten  working  days  of  eight  hpurs  will  suffice  to 
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measure  a  base-line  of  six  miles.    The  comparisons  with  the 
standard  consume  about  four  davs  in  addition. 

Some  personal  facts  remain  to  be  mentioned.  The  Atlanta 
base-line  was  measured  in  the  winter  of  1872,  and  in  the  following 
summer,  under  the  direction  of  Professor  Benjamin  Peirce,  Super- 
intendent, by  C.  O.  Boutelle,  Assistant  in  the  Coast  Survey,  to 
whose  skill  and  perseverance  the  success  of  the  operation  is  mainly 
due.  He  proposed  the  second  measurement  in  the  opposite  direc- 
tion to  the  first,  and  when  subsequently  instructed  to  repeat  it 
once  more  at  a  high  temperature,  adopted  the  plan  of  immersing 
the  standard,  during  comparison,  in  a  liquid — for  which  he  chose 
glycerine — in  order  to  obtain  its  temperature  more  nearly  by  means 
of  thermometers  likewise  immersed,  than  can  be  done  when  both 
are  in  air.  This  had  not  been  done  previously  for  the  comparisons 
made  in  the  field. 

Up  to  1874,  the  indications  of  the  thermometers  within  the 
tubes  have  been  taken  as  the  means  for  applying  any  residual  cor- 
rection for  want  of  perfect  compensation  which  might  be  shown  (o 
be  requisite.  While  this  correction  is  only  of  very  small  amount, 
and  aficcts  the  length  of  a  base  only  so  far  as  the  mean  tempera- 
ture during  the  measurement  of  a  base-line  is  different  from  that 
at  which  the  apparatus  has  been  compared  with  the  standard  bar, 
it  is,  nevertheless,  subject  to  the  uncertainty  arising  from  the  fact 
that  those  thermometers  do  not  show  the  actual  temperature  of  the 
compensating-bars,  except  when  the  temperature  has  been  station- 
ary for  some  time.  In  order  to  obviate  this  source  of  error,  an 
arrangement  has  been  designed  and  adapted  to  the  apparatus  by 
the  author  of  this  paper,  by  which  the  difference  in  the  length  of 
the  two  bars  may  be  read  on  a  scale  attached  to  the  iron  bar  by 
means  of  a  vernier  fixed  to  the  brass  bar,  forming  a  "Borda  ther- 
mometer,^' as  shown  in  Fig.  3.  The  scale  is  divided  ta  half-milli- 
metres, of  which  the  vernier  indicates  the  fiftieth  party  so  that,  by 
means  of  a  long-focus  microscope,  the  difference  may  be  read  to 
the  hundredth  part  of  a  millimeter  without  opening  the  case. 
Since  the  compensation  can  readily  be  made  correct  to  within  its 
thirtieth  part,  it  is  evident  that  the  true  length  of  the  compound 
bars  may  be  inferred  at  any  time  from  the  indications  of  the  scale- 
reading,  with  an  uncertainty  no  greater  than  the  thousandth  part 
of  a  millimeter,  or  a  micron^  as  that  value  is  now  called.  In  making 
this  correction,  no  reference  to  the  thermometers  is  necessary,  as 
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the  length  is  directly  derived  from  the  scale-readings.  In  the 
comparisons  of  the  compensating  measuring  bars  with  the  six- 
metre  standard,  the  latter  is  immersed  in  glycerine,  and  its 
temperature  and  inferred  length  are  very  closely  indicated  by  the 
thermometers  distributed  along  its  entire  length,  nearly  in  contact 
with  it,  and  of  course  equally  immersed  in  the  liquid. 


SUBSECTION  OF  CHEMISTRY. 


Chemistrt  of  Three  Dimensions.    By  Frank  Wigglesworth 
Clarke,  of  Cmcinnati,  Ohio.  • 

Probably  no  questions  in  chemistry  are  to-day  of  more  general 
interest  than  those  which  relate  to  the  internal  structure  of  com- 
pound molecules.  In  some  directions  the  problems  involved  are 
being  vigorously  attacked,  especially  by  organic  chemists  of  the 
modern  school.  Every  attempt  at  a  rational  formula,  every  re- 
search into  isomerism,  represents  a  new  foothold  gained  by 
science,  and  a  new  point  from  which  to  start  further  investigations. 
But  only  a  few  chemists  have  yet  tried  to  grapple  the  centi*al 
problem  of  all — that  of  the  actual  arrangement  of  the  atoms  in 
space.  Some  efforts  have  been  made  to  deal  with  this  question 
from  its  crystallographic  side,  efforts  which  were  both  earnest  and 
able,  but  somewhat  premature;  at  all  events  they  have  not  yet 
led  us  to  altogether  satisfactory  results.  The  chief  difficulties  in 
the  way  of  such  researches  lie  in  our  ignorance  of  the  actual 
nature  of  the  so-called  chemical  elements;  whether  they  are 
really  elementary  or  not ;  whether  what  we  look  upon  as  atoms 
may  not  be  in  fact  complex  molecules.  Preliminary  to  the  com- 
plete solution  of  this  great  problem  we  need  thorough  investiga- 
tions into  the  physical  properties  of  every  supposed  element,  not 
excepting  the  rarest;  and  much  more  elaborate  studies  of  the 
optical,  thermal,  and  crystallographic  relations  of  compound 
bodies  than  have  yet  been  made. 

These  few  prefatory  remarks  may,  perhaps,  suggest  what  I 
mean  by  the  somewhat  novel  title  of  ^*  chemistry  of  three  dimen- 
sions." The  moment  we  conceive  of  a  molecule  built  up  of  many 
atoms,  we  can  hardly  avoid  considering  these  atoms  as  so  arranged 
in  space  as  to  form  a  body  having  three  dimension^.  With  a 
molecule  consisting  of  few  atoms  the  case  may  be  different.  Let 
us  for  present  purposes  suppose  that  our  so-called  elements  are 
truly  elementary,  and  that  the  atoms  with  which  modem  chemical 
formulee  deal  are  actual  atoms,  and  not  the  molecules  of  unana- 
lyzed  compound  radicals.    It  is  then  evident  that  any  molecule 
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which  contains  but  two  atoms,  for  example,  the  molecule  of 
hydrochloric  acid,  can  have  but  one  dimension  involved  in  its 
structure,  since  both  atoms  must  be  in  one  line.  Of  course  I  do 
not  mean  to  assert  that  these  atoms  are  mere  mathematical  points, 
so  that  the  molecule  formed  by  them  could  have  neither  breadth 
nor  thickness,  but  simply  that  their  centres  must  lie  in  a  single 
line  through  which  alone  the  intermolecular  or  attractive  forces 
can  play.  If  wC  have  three  atoms  to  deal  with,  they  may  be 
placed  either  in  one  line,  or  in  a  form  having  two  dimensions,  but 
at  all  events  must  lie  within  a  single  plane.  But  as  soon  as  we 
reach  four  atoms,  although  these  may  be  all  in  one  line  or  in  one 
plane,  it  is  clear  that  a  solid  arrangement  can  exist,  and  that  a 
relatively  complicated  interaction  of  atomic  forces  has  to  be  con- 
sidered. Molecules  then,  according  to  modem  chemical  ideas, 
may  be  either  of  one,  two,  or  three  dimensions  in  the  placing  of 
their  atoms,  every  additional  atom  increasing  the  complexity  of 
the  mutual  attractions  which  bind  the  whole  cluster  together. 
But  if  it  should  ever  be  proved  that  only  molecules  of  three 
dimensions  can  actually  exist,  it  would  follow  that  each  one  must 
contain  at  least  four  atoms,  and  consequently  that  many  familiar 
substances  are  much  more  complex  in  structure  than  we  at  present 
imagine.  This  line  of  speculation,  however,  fascinating  as  it  may 
seem,  is  rather  more  fertile  in  fancies  than  in  tangible  results. 

I  have  already  expressed  the  opinion  that  attempts  to  determine 
the  actual  arrangement  of  the  atoms  in  space  are  premature; 
since,  as  it  appears  to  me,  we  have  too  little  firm  experimental 
ground  to  go  upon.  And  yet  we  may  consider  the  problem  a 
little,  in  a  provisional  way,  in  order  to  see  what  bearings  some  of 
our  generally  received  chemical  theories  have  upon  it.  My 
present  purpose  is  to  examine  the  question  in  its  connection  with 
the  prevalent  views  regarding  atomicity  or  quantivalence.  For 
the  time  being  I  will  restrict  my  considerations  to  that  form  of 
the  theory  of  quantivalence  which  regards  the  valency  o^  each 
element  as  invariable,  and  ascribes  seeming  variations  to  mole- 
cular as  distinct  from  atomic  union.  I  may  state  in  advance, 
however,  that  I  do  not  myself  accept  this  view  of  quantivalence ; 
my  purpose  is  to  see  what  bearing  it  has  upon  the  main  question. 
If  I  am  led  to  conceptions  which  seem  at  all  awkward,  or  gro- 
tesque, the  theory  is  to  blame  for  them.  I  am  well  aware  that  the 
advocates  of  fixed  quantivalence  generally  disclaim  all  intention 
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to  represent  the  position  of  the  atoms  in  space ;  still,  if  their  main 
hypothesis  be  accepted,  certain  conclasions  of  this  sort  are  inevit- 
able. These  colnclusions  have  been  repeatedly  put  forward  in 
modern  text-books,  and  I  merely  bring  them  up  again  with  their 
disclaimed  and  disowned  features  foremost. 

When  we  conceive  of  the  union  of  strictly  univalent  atoms  with 
one  another,  we  see  that  they  must  unite  in  a  single,  definite 
manner.  The  atom  of  one  saturates  an  atom  of  the  other,  and  a 
linear  molecule  results.  In  other  words,  a  compound  containing 
only  univalent  elements  can  have  but  two  atoms  in  its  molecule, 
and  that  molecule  is  inevitably  of  one  dimension. 

If  we  consider  the  case  of  molecules  formed  by  bivalent  atoms 
only,  we  shall  find  that  they  must  be  either  linear  or  of  two 
dimensions ;  at  all  events  they  lie  in  a  single  plane.  A  number 
of  atoms,  each  of  which  has  only  two  points  of  connection  with 
its  neighbors,  cannot  be  arranged  in  any  other  way.  They  may 
be  in  line  with  the  end  affinities  free,  or  in  a  ring  with  all  the 
bonds  satisfied ;  but  a  solid  structure  is  impossible.  Taking 
univalent  and  bivalent  atoms  together  we  shall  find  ourselves  still 
more  limited,  since  the  molecule  containing  both  can  be  only 
linear.  It  must  consist  of  a  bivalent  atom,  or  a  bivalent  chain 
with  a  univalent  atom  at  each  end.  A  univalent  atom  could  not 
exist  in  the  middle  of  the  chain,  for  then  it  would  be  connected 
with  two  other  atoms,  which  is  contrary  to  the  hypothesis.  Let  us, 
for  example,  imagine  the  molecule  of  sulphuric  acid  H^SOi.  In 
this,  if  the  form  of  the  theory  of  quantivalence  now  under  con- 
sideration be  true,  the  hydrogen  must  be  univalent,  and  the 
sulphur  and  oxygen  each  have  a  valency  of  two.  Here  then  we 
have  a  molecule  of  seven  atoms,  all  strung  like  beads  along  one 
line  of  attraction.  As  far  as  we  know,  this  line  may  be  either 
straight,  or  curved,  or  bent  at  right  angles,  or  doubled  back  upon 
itself;  but  the  atoms  can  only  form  a  simple  chain  without  any 
other  interlinking.  Try  to  conceive  of  a  gaseous  mixture  contain- 
ing, among  a  number  of  molecules  of  three  dimensions,  a  few 
molecules  of  this  kind  —  not  of  sulphuric  acid  necessarily,  but  of 
some  substance  built  upon  this  general  plan ;  and  imagine  what 
kind  of  motion  such  an  atomic  chain  would  have.  Of  course  we 
cannot  say  what  would  really  happen,  but  it  seems  as  if  with  this 
unfortunate  molecule  its  number  of  encounters  would  be  alarmingly 
disproportionate  to  the  length  of  its  free  path,  if,  indeed,  it  could 
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have  any  free  path  at  all.  We  might  almost  suppose  it  to  suffer 
as  much  perturbation  as  did  the  comet's  tail  among  the  moons  of 
Jupiter. 

It  is  not  until  we  begin  to  deal  with  trivalent  atoms  that  mole- 
cules of  three  dimensions  become  possible.  For  no  such  struct- 
ure can  exist  unless  some  of  its  atoms  are  in  union  each  with  at 
least  three  others.  If  a  molecule  consists  of  four  atoms  only,  it 
can  form  no  solid  structure  except  the  tetrahedron ;  and  in  this 
every  atom  must  have  a  valency  of  not  less  than  three.  In  fact, 
no  molecule  of  three  dimensions  can  exist  containing  less  than 
four  atoms  of  high  quantivalence.  If  we  extend  our  considera- 
tions to  quadrivalent,  quinquivalent,  and  sexivalent  atoms,  we 
shall  at  once  see  that  great  variety  of  structure  is  possible, 
although  we  may  find  it  hard  to  say  what  form  a  given  molecule 
really  has.  We  cannot  even  affirm  that  any  such  molecule  is 
actually  of  three  dimensions,  and  not  of  only  one  or  two ;  but  we 
can  assert  that  in  these  instances  solidity  of  form  is  mathemat- 
ically possible,  just  as  we  have  alleged  impossibility  in  other  cases. 
Something  more  can  safely  be  affirmed  as  to  the  relative  position 
of  the  atoms  in  very  complicated  molecules.  In  such  structures 
the  univalent  atoms  can  only  exist  at  the  exterior  surfaces ;  or,  in 
the  case  of  plane  molecules,  they  must  lie  around  the  periphery. 
That  is,  no  univalent  atom  can  be  placed  in  the  interior  of  any 
atomic  cluster,  since  then  it  would  be  united  with  more  than  one 
other.  We  may  even  go  a  step  further  and  assert  the  probability 
that,  in  general,  in  any  complex  molecule,  the  atoms  of  highest 
valency  lie  nearest  the  centre ;  being,  as  they  are,  the  atoms  from 
which  radiate  most  numerously  lines  of  attractive  force.  These 
views  might  easily  be  supported  by  some  good  evidence  drawn 
from  the  phenomena  of  substitutions.  Here  we  see  that,  as  a 
rule,  the  univalent  atoms  of  a  molecule,  those  which  must  lie  at 
its  surface,  are  the  easiest  to  substitute  by  other  atoms ;  while, 
on  the  contrary,  the  elements  of  high  valency  in  the  interior  of 
the  structure  are  never  directly  replaced. 

But  all  these  considerations  are  based  upon  the  idea  that  quan- 
tivalence is  invariable.  This  idea  is  widely  accepted,  although 
not  universally ;  and  is  one  of  the  open  questions  in  the  chemistry 
of  to-day.  The  moment  we  reject  the  conception,  many,  though 
not  quite  all,  of  the  above  conclusions  fall  to  the  ground.  To  my 
mind,  no  form  of  the  theory  of  quantivalence  as  usually  taught  is 
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wholly  acceptable.  Of  course  I  do  not  pretend  to  deny  the  im- 
portance of  the  vast  number  of  analogies  which  quantivalence  has 
classified ;  my  difficulties  are  partly  logical,  and  partly  relate  to 
experimental  details.  If  we  say  that  quantivalence  is  invariable, 
we  are  at  once  met  by  a  large  number  of  facts  tending  to  prove 
variability ;  as,  for  example,  the  existence  of  the  three  chlorides 
of  tungsten,  WCI4,  WCla,  and  WCle ;  and  the  structural  similarity 
and  isomorphism  of  potassium  perchlorate  and  permanganate. 
If,  on  the  other  hand,  we  claim  that  the  valency  of  any  element 
is  capable  of  change,  we  must  admit  the  same  possibility  for  every 
element.  Then,  since  all  valencies  are  established  by  reference 
to  hydrogen  as  unity,  our  standard  becomes  variable,  or,  in  brief, 
no  standard  at  all. 

It  must,  however,  be  admitted  that  every  atom  has  a  maximum 
atom-fixing  power,  and  that  this  power  is  probably  different  for 
different  elements.  We  may  then  put  the  theory  of  quantivalence 
into  a  third  form,  and  suppose  that  an  elementary  atom  can  exer- 
cise any  valency  whatever  below  its  maximum  limit.  Now  arises 
the  question,  which  comes  entirely  within  the  scope  of  the  present 
paper,  what  is  the  highest  valency  that  any  element  can  possibly 
have?  Perhaps  we  may  not  be  able  to  settle  this  question 
altogether,  our  estimate  may  be  put  too  high ;  still,  I  believe  it 
possible  to  find  a  limit  which  can  never  be  exceeded,  and  which 
certainly  has  never  been  reached.  At  or  below  this  limit  all 
valencies  must  lie.  Let  us  put  the  question  in  this  form:  how 
many  univalent  atoms  can  at  the  same  time  unite  with  one  atom 
of  maximum  valency? 

Probably  the  advocates  of  invariable  quantivalence  would 
scarcely  admit  the  importance  of  this  query.  To  a  chemist  of 
that  school,  carbon  is  completely  saturated  by  four  atoms  of 
hydrogen,  tungsten  by  six  atoms  of  chlorine,  and  so  on.  But 
how  do  they  know  this  ?  No  hydrocarbon  higher  than  CH4  has 
been  obtained ;  but  how  is  it  possible  to  assert  that  a  CH5,  CHjo, 
or  CH20,  may  not  yet  be  discovered?  The  assertion  may  be  true, 
but  its  accuracy  has  certainly  never  been  demonstrated.  The 
believers  in  variable  quantivalence,  on  the  contrary,  place  no  such 
limits  in  their  way.  With  them  an  artiad  may  have  any  valency 
represented  by  an  even,  and  a  perissad  any  valency  represented 
by  an  odd  number.  Some  perissad  elements  particularly  seem  to 
have  high  values,  running  up  even  to  valencies  of  nine,  if  not 
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over.    These  examples  will  sen^e  to  show  in  what  a  condition  of 
vagueness  and  uncertainty  the  whole  subject  now  is. 

Now  the  complete  solution  of  the  problem  before  us  requires  a 
knowledge  of  some  as  yet  unknown  things.  We  know  neither 
the  size  nor  the  shape  of  the  atoms,  their  distances  apart,  nor 
their  amplitude  and  velocity  of  vibration  if  they  are  moving. 
Were  these  questions  answered,  we  should  have  good  material 
to  work  upon ;  but,  as  it  is,  we  must  make  a  few  assumptions. 
Let  me  state  the  main  question  again.  How  many  atoms  can  at 
the  same  time  be  directly  united  to  one  atom  of  another  kind? 
From  the  familiar  law  of  gaseous  volumes  we  may  reasonably 
infer  that  all  atoms  are  equal  in  size,  though  of  different  mass ; 
but'  of  their  form  we  know  absolutely  nothing.  Let  us  for  a 
moment  suppose  that  they  are  spherical,  and  that  when  chemically 
united  they  are  in  actual  contact.  The  question  then  becomes — 
how  many  equal  spheres  can  at  the  same  time  touch  a  central 
sphere  of  the  same  dimensions?  If  we  admit  fractions,  the 
answer  to  this  simple  problem  will  be  between  twelve  and  thirteen ; 
but,  since  fractional  parts  of  atoms  are  out  of  consideration,  the 
number  we  require  must  be  twelve.  If  we  suppose  the  spheres  to 
be  not  in  actual  contact,  but  separated  by  equal  spaces  each  from 
its  lateral  neighbors  and  from  the  central  sphere,  the  number 
which  can  be  thus  grouped  around  the  latter  will  still  be  twelve. 
If  the  atoms  are  tetrahedral,  or  cubic,  or  dodecahedral,  or,  in 
short,  have  any  probable  form  other  than  spherical,  the  answer  to 
our  main  problem  would  be  something  less  than  twelve.  It  is 
reasonable  to  assert,  then,  that  no  compound  will  ever  be  discov- 
ered containing,  directly  united  with  a  single  atom  of  one  kind, 
more  than  twelve  atoms  of  another.  And  if  we  measure  the 
valency  of  any  multivalent  element  by  the  number  of  univalent 
atoms  with  which  its  atom  can  unite,  it  is  plain  that  no  value  over 
twelve  is  ever  likely  to  be  reached.  Among  compounds  already 
known  the  highest  valency  thus  directly  measured  is  six — as  in 
tungsten  hexchloride ;  whether  this  may  not  be  the  absolute  max- 
imum we  are,  of  course,  unable  to  say. 

But  in  the  above  argument  there  is  one  weak  point.  I  have 
assumed  that,  in  a  molecule,  the  spaces  separating  adjacent  atoms 
are  all  equal;  whereas  this  can  hardly  be  true.  Take,  for 
example,  gun-cotton,  which  is  formed  from  ordinary  cotton  by 
replacing  three  atoms  of  hydrogen  each  with  the  compound  group 
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NO3.  Here  we  remove  a  few  atoms,  and  put  many  atoms  in  their 
stead,  without  altering  the  external  appearance  or  phj-sical  struct- 
ure of  the  cotton  in  the  least.  The  unavoidable  inference  is,  that 
in  this  particular  molecule,  after  the  substitution,  the  interatomic 
spaces  are  not  equal.  Indeed,  we  could  hardly  assert  in  any  case 
such  an  equality  without  at  the  same  time  assuming  that  the 
attraction  between  adjacent  atoms  was  equal  for  all  pairs  of  atoms 
in  all  parts  of  the  structure.  By  such  an  assumption  as  this  we. 
should  ignore  aU  differences  of  mass  among  the  atoms,  and  also 
deny  the  existence  of  anything  like  repulsive  forces  between  them. 
This  question  of  interatomic  spaces  at  once  suggests  another 
problem  of  great  importance  to  a  chemistry  of  three  dimensions. 
Are  the  atoms  of  a  molecule  at  rest  relatively  to  each  other,  or 
are  they  in  rapid  motion  ?  The  latter  view  is  almost  universally 
adopted  by  modern  physicists,  and  3'et  some  facts  in  chemistry 
are  hard  to  reconcile  with  it,  or  at  least  with  the  idea  of  vibratoiy 
motion.  For  example,  the  explanation  of  isomerism  lies  in  the 
thought  that  a  given  number  of  atoms  may  be  differently  arranged 
so  as  to  produce  several  dissimilar  compounds.  This  conception 
gives  each  atom  a  definite  place  in  a  molecule  from  which  it  cannot 
wander  without  destroying  the  identity  of  the  whole  structure. 
The  same  remark  holds  true  of  the  theory  of  compound  radicals, 
in  whibh  not  single  atoms  merely,  but  groups  of  atoms,  are  given 
fixed  positions  which  cannot  be  much  varied.  It  may  be  said, 
however,  that  our  knowledge  of  isomerism  and  of  compound 
radicals  does  not  preclude  altogether  the  motion  of  the  atoms 
relatively  to  each  other,  but  simply  restricts  that  motion  within 
extremely  narrow  limits.  If  we  admit  this,  we  get  upon  ground 
over  which  the  theory  of  substitution  sheds  a  very  curious  light. 
In  the  case  of  gun-cotton,  already  cited,  each  atom  of  hydrogen 
removed  from  the  original  cotton  is  replaced  by  the  three  atoms 
NOj.  Still  the  physical  structure  of  the  cotton  is  unchanged.  If 
then  we  admit  that  the  atoms  of  the  molecule  are  rapidly  vibrating, 
we  must  admit  also  that  in  this  case  of  substitution  the  group  NOs 
replacing  hydrogen  occupies  just  the  same  orbit  that  the  latter 
substance  travelled  in,  and  moves  with  the  same  velocity.  Ho 
would  be  a  rash  physicist  who  ventured  to  make  such  an  assertion 
as  the  above.  To  say  that  the  mutual  atomic  attractions  of  a 
molecule  can  produce  the  same  velopity  in  hydrogen,  and  in  a 
compound  radical  having  forty-six  times  the  mass  of  hydrogen, 


106  A.     SUBSECTION— CHEMISTBT. 

would  be  wild  indeed.  Considerations  like  these  lead  me  to 
suppose  that  the  atoms  of  a  molecule  are  at  rest  with  regard  to 
each  other,  although  the  molecule  itself  vibrates  as  a  whole.  Still, 
a  mere  rotatory  motion  of  the  atoms,  involving  no  translation, 
might  be  admitted. 

But  it  is  easier  to  speculate  upon  difficult  problems  than  it  is  to 
solve  them.  Indeed,  my  purpose  in  this  paper  has  not  been  to 
settle  anything,  but  rather  to  indicate  that  some  generally  accepted 
notions  need  reconstruction  upon  broader  foundations.  Let  me 
briefly  recapitulate.  I  have  tried  to  show  that  upon  the  basis  of 
quantivaleuce  many  compounds  can  be  regarded  as  existing  only 
in  linear  or  plane  molecules.  It  would  be  easy  to  discuss  this 
question  still  further  by  taking  up  the  theory  of  compound 
radicals ;  in  which  case  I  think  I  might  show  that  a  fair  majority 
of  all  known  substances  are  incapable  of  forming  solid  molecular 
structures.  That  is,  I  could  have  represented  the  chemistry  of 
quantivaleuce  as  being  essentially  a  chemistry  of  one  and  two 
dimensions,  incompatible  except  in  the  minority  of  instances  with 
the  idea  suggested  by  crystallography.  Indeed,  the  very  existence 
of  crystalline  bodies  affords,  to  my  mind,  fair  support  to  the 
notion  that  all  molecules  are  of  three  dimensions.  Should  this 
ever  be  demonstrated,  quantivaleuce,  as  now  taught,  would  have 
to  be  abandoned.  And  yet,  if  the  atomic  theory  be  true,  quan- 
tivaleuce in  some  form  must  be  true  also.  Admitting  this,  I  have 
tried  to  find  the  maximum  of  quantivaleuce,  and  have  concluded 
that  no  element  can  ever  have  a  valency  higher  than  twelve.  To 
this  let  me  now  add  my  firm  belief  that  the  valency  of  any  given 
atom,  in  any  given  compound,  depends  upon  the  number  and  kind 
of  atoms  with  which  it  is  associated,  and  upon  its  position  in  the 
molecule.  If  we  conceive  of  atoms  as  possessed  not  only  of 
attractive  but  of  repulsive  forces  as  well,  we  can  easily  see  that, 
when  a  number  of  mutually  repellent  atoms  are  held  in  place  by 
the  attraction  of  a  central  atom  of  some  different  kind,  they  must 
be  situated  in  such  a  way  that  their  tendency  to  repel  each  other 
cannot  exceed  the  power  which  holds  them  in  the  cluster.  The 
more  closely  they  were  crowded  together  the  less  stable  the  mole- 
cule would  be.  Perhaps  we  must  by  and  by  look  to  considerations 
of  this  sort  for  the  true  explanation  of  the  analogies  which  quan- 
tivaleuce has  classified. 

Questions  connected  with  the  idea  of  maximum  quantivaleuce 
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naturally  brought  up  the  subject  of  interatomic  spaces,  whose 
existence  has  hitherto  been  affirmed  solely  upon  physical  evidence. 
We  have  now  seen  that  purely  chemical  testimony  can  demon- 
strate their  existence  also,  and  that  they  may  be  of  various  sizes 
within  a  single  molecule.  But  chemistry  and  physics,  here  so 
harmonious,  seemed  to  be  at  variance  when  we  discussed  the  sub- 
ject of  atomic  motions.  This  variance,  real  or  seeming,  is  what 
led  me  to  bring  up  the  subject  at  all.  It  serves  to  show  the 
necessity  for  concerted  action  between  chemists  and  physicists, 
and  that  each  class  of  workers  should  pay  a  little  closer  attention 
to  the  field  cultivated  by  the  other.  Every  problem  brought  up 
in  this  paper  lies  to  a  great  extent  within  the  borderland  between 
physics  and  chemistry,  and  can  only  be  solved  by  evidence  drawn 
from  both  of  these  sciences.  For  my  own  part,  I  cannot  claim  to 
have  contributed  anything  towards  their  solution ;  I  have  simply 
sought  to  point  out  curious  lines  of  speculation,  and  profitable 
fields  for  future  work. 


On  Carbon  Determinations  in  Iron  and  Steel.  By  John  W. 
Langlet,  of  Ann  Arbor,  Mich. 

The  determination  of  the  amount  of  carbon  in  iron  and  steel 
has  long  been  recognized  as  an  analytical  process  of  great  difii- 
culty.  To  make  an  approximate  estimate  is  easy,  but  when 
figures,  accurate  to  the  second  decimal  place  of  percentages,  are 
the  objects  of  inquiry,  the  number  of  apparently  insignificant 
sources  of  error  becomes  so  great  that  only  the  most  minute  and 
conscientious  attention  to  details  will  insure  a  result  which  has 
any  value  at  all  when  judged  by  the  severe  requirements  which 
the  engineer  makes  upon  the  metallurgist. 

Not  only  is  any  process  for  the  estimation  of  carbon  intrin- 
sically difficult,  but  no  two  methods  will  give  the  same  results, 
and  when  the  average  of  two  series  of  analyses,  conducted  with 
equal  care,  but  by  different  methods,  are  compared,  they  will  usu- 
ally differ  from  each  other  by  more  than  one-tenth  of  one  per  cent. 
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In  view  of  the  attention  which  has  recently  been  drawn  to  the 
connection  between  physical  properties  and  chemical  composition 
in  the  metals  and  alloys  principally  employed  in  the  arts,  and  in 
which  investigation  steel,  of  course,  plays  a  leading  part,  it  be- 
comes more  than  ever  desirable  for  the  analyst  to  select,  oat  of 
the  various  means  now  at  hand  for  the  estimation  of  carbon,  that 
which  can  be  the  most  easily  controlled,  and  by  which  the  opera- 
tor can  with  the  greatest  certainty  assure  himself  that  like  con* 
ditions  may  be  repeated  at  will. 

In  an  ordinary  determination  of  the  carbon  in  an  organic  body, 
the  possible  variations  in  the  method  of  procedure  are  not 
numerous,  nor  do  they  seem  to  have  much  influence  on  the  final 
result.  In  the  case  of  iron  and  steel,  however,  the  circumstances 
are  very  different,  for  ninety-nine  per  cent,  of  metal  must  first  be 
removed  before  the  carbon  can  be  in  a  state  to  be  attacked,  and 
then,  too,  it  exists  when  separated  from  the  iron,  in  two  if  not 
three  different  conditions,  each  of  which  has  its  influence  on  the 
process  by  which  the  element  shall  be  finally  brought  into  a  form 
suitable  for  weighing. 

At  the  outset  we  have  to  choose  between  two  courses;  first, 
the  direct  combustion  of  the  alloy,  and  weighing  the  carbon  as 
carbonic  acid ;  second,  the  pi*evious  removal  of  the  metal  by  some 
solution,  and  subsequent  combustion  of  the  insoluble  residue.  Of 
the  first  of  these  paths,  it  may  be  said,  that  though  theoretically 
the  straightest,  it  is  in  practice  the  least  satisfactory,  for  the  film 
of  oxide  of  iron  which  immediately  forms  will  protect  the  sub- 
stance beneath  it  from  further  action,  unless  particles  of  extreme 
minuteness  be  operated  on,  and  chemists  who  have  paid  a  great 
deal  of  attention  to  this  subject  say  that  the  more  minutely 
divided  is  the  metal,  the  greater  will  be  the  amount  of  carbon 
found.  It  has  even  been  proposed  to  turn  off  fine  shavings  of 
hard  steel  by  means  of  a  diamond,  as  the  best  method  of  obtaining 
a  sufficiently  fine  condition  of  metal.  Now  it  is  obvious  that 
many  samples  of  iron  could  not  be  mounted  in  a  lathe  and 
diamond  turned,  even  if  the  costly  tool  necessary  was  always  at 
hand,  and  filings,  to  quote  an  English  author,  ''are  lumpy  little 
fragments  which  expose  but  a  small  surface  in  comparison  with 
their  mass.'* 

The  process  by  solution  has  the  authority  of  many  great  names 
in  its  favor,  but  it  is  open  to  several  sources  of  error.    First,  if 


A.      SUBSECTION — CHEMISTRY.  109 

there  is  free  acid  present  a  portion  of  the  carbon  will  escape  as 
a  gaseous  or  liquid  hydrocarbon,  and  in  fact,  no  one  of  the  usual 
solvents,  Cu  CI2,  Cu  S04,  Hg  CI2,  can  be  maintained  in  a  liquid 
which  is  absolutely  neutral  to  litmus  paper.  Second,  bromine 
and  iodine  attack  the  iron  readily,  but  leave,  as  Eggertz  has 
shown,  a  residue  containing  carbon,  iodine,  silicon,  etc.,  in  a 
form  which  is  not  affected  by  washing  nor  a  heat  under  250^  C. 
If  now  this  residue  be  burned,  the  iodine  will  escape  and  pass 
more  or  less  completely  into  the  absorption  apparatus,  and,  of 
course,  will  tend  to  increase  the  apparent  amount  of  carbon. 
Third,  the  character  of  the  residue  will  differ  according  to  the 
rate  at  which  the  metal  has  been  dissolved.  Caron  and  Grace 
Calvert  harve  both  shown  that  when  steel  is  treated  for  a  long 
time  by  very  dilute  acid,  a  residue  was  lef|^  which  was  much 
greater  in  quantity  than  when  the  action  of  the  acid  was  promoted 
by  warmth  or  concentration.  Fourth,  Caron  first  established  the 
fact  that  the  physical  state  of  the  metal  had  an  influence  on  the 
quality  and  quantity  of  this  carbonaceous  residue.  According  to 
him  one  hundred  parts  of  steel  of  cementation  leave  by  treatment 
with  acid : 

Residue.  Carbon. 

Steel  direct  from  converter      .     .     1,624  .825 

/*     hammered 1,243  .660 

'^     hardened .240  .trace. 

So  that  the  same  sami>le  of  steel  which  in  its  natural  state 
shows  nearly  one  per  cent,  of  carbon  may  show,  when  tempered 
a  trace  only,  and  yet  no  one  doubts  that  the  same  amount  of 
carbon  really  exists  in  the  above  three  samples. 

In  view  of  these  facts  the  writer  has  given  his  preference  to 
sulphate  of  copper  as  the  solvent,  notwithstanding  the  fact  that 
it  has  been  both  strongly  advocated  and  also  energetically  con- 
demned long  ago,  for  it  does  not  contain  any  substance  which 
can  be  retained  by  the  insoluble  residue,  and  is  therefore  free  from 
the  objections  which  may  be  raised  against  iodine,  bromine  and 
presumably  chlorine  and  nitric  acid.  Then,  too,  it  can  always  be 
used  in  the  same  degree  of  concentration  in  water,  and  the 
amount  of  free  acid,  which  is  always  very  minute,  can  be  reduced 
to  a  constant  quantity  by  previous  digestion  with  oxide  of  copper. 
There  is  one  detail,  however,  which  the  writer  has  found  to  be 
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important.  If  the  metal  is  not  finely  divided  and  is  introduced  in 
a  cold  solution  of  copper,  the  attack  will  be  very  slow,  and  local 
action  occurring  here  and  there,  the  copper  will  be  deposited  in 
adherent  masses,  which  oftentimes  may  be  one-eighth  of  an  inch 
thick  and  of  the  diameter  of  the  beaker ;  as  these  arc  tough  they 
cannot  be  completely  broken  up  by  stirring,  and  the  carbon  thus 
enveloped  will  not  be  completely  burned.  But  if  the  metal  is 
passed  through  a  fine  sieve,  and  introduced  cold  into  the  liquid, 
which  is  then  gradually  raised  to  80°  C.  in  a  water  bath,  with 
frequent  stirring,  the  whole  residue  will  be  in  the  form  of  a 
loose  sponge,  which  can  be  filtered  with  thjs  greatest  ease  in  an 
ordinary  funnel  loosely  plugged  with  asbestos,  and  as  the  copper 
80  largely  predominates,  there  is  no  trouble  in  detaching  the  mass 
from  the  funnel  aftj r  drying.  Indeed,  this  forms  one  of  the  chief 
advantages  of  the  sulphate  of  copper  process.  The  carbon  being 
enveloped  by  the  porous  sponge  is  not  disposed  to  run  through 
any  crevices  in  the  filter,  and  the  copper  can  be  washed  as  easily 
as  so  much  sand. 

The  carbonaceous  residue  thus  obtained  may  be  treated  in  two 
ways ;  first,  by  combustion  at  a  red  heat,  second,  by  Ullgren's 
process,  where  it  is  introduced  into  a  fiask  containing  bichromate 
of  potash  and  sulphuric  acid.  This  latter  method,  though  recent, 
has  been  much  used,  but  the  writer  is  obliged  to  confess  that  he 
has  not  been  able  to  realize  harmonious  results  from  it.  This  is 
very  likely  owing  to  want  of  skill,  but  it  may  be  there  is  a  valid 
theoretical  objection  to  the  method.  It  was  stated  above  that  the 
amount  of  carbon  in  the  residue  varied  according  to  the  temper 
of  the  steel  and  the  rate  at  which  it  was  attacked.  It  has  also 
been  shown  by  several  chemists  that  the  untempered  steel,  and 
also  that  which  was  slowly  dissolved,  left  a  larger  part  of  the 
carbon  in  the  condition  of  graphite  than  did  the  samples  otherwise 
treated.  Now  as  Brodie  has  oxidized  graphite  into  graphitic  acid 
by  liquid  oxidants  at  100°  C.  it  would  not  seem  unreasonable  to 
suppose  Ullgren's  method  liable  to  the  same  action,  and  hence 
that  a  part,  or  all,  of  the  graphitic  carbon,  might  not  be  converted 
into  carbonic  acid,  but  remain  behind  as  graphitic  acid,  in  which 
case  it  would  fail,  of  course,  of  being  weighed  with  the  absorption 
apparatus. 

This  objection  may  not  hold  in  practice ;  the  writer  is  not  pre- 
pared to  prove  it,  but  the  necessity  of  carefully  watching  the 
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generating  flask  becomes  quite  onerous  where  a  large  number  of 
analyses  have  to  be  made:  be  has,  therefore,  resorted  to  the 
method  of  combustion  at  a  red  heat,  by  modifying  slightly  the 
form  of  apparatus.  A  porcelain  tube  of  about  three-quarters  of 
an  inch  internal  diameter  is  placed  in  a  furnace  which  will  keep  at 
least  ten  inches  in  length  of  tube  up  to  a  full  yellow  heat.  A 
plug  two  inches  in  length  is  inserted  in  the  anterior  end ;  this 
plug  is  made  by  coiling  up  fine  copper  bell  wire  till  it  is  just 
large  enough  to  fit  the  tube  closely ;  the  interstices  between  the 
wires  will  always  be  large  enough  to  allow  of  the  passage  of  gas ; 
air  being  now  drawn  through  the  apparatus  the  copper  is  deeply 
oxidized,  and  thus  a  filter  of  oxide  of  copper  is  produced,  which, 
at  a  red  heat,  will  oxidize  any  carbonic  oxide  or  hydrocarbon 
which  may  pass  over  it. 

To  hold  the  matter  to  be  burned  a  copper  boat  is  provided  which 
is  easily  made  by  folding  up  a  piece  of  sheet  copper ;  it  should  be 
about  five  inches  long  and  when  bent  form  a  half  cylinder  with 
closed  ends.  A  few  small  holes  may  be  made  through  the  bottom 
with  a  punch,  in  order  to  make  the  vessel  porous.  On  the  bottom 
of  the  boat  a  layer  of  asbestos  is  laid,  and  on  this  the  mixed 
copper  and  carbon  sponge  is  loosely  placed. 

The  anterior  end  of  the  tube  containing  the  wire  plug  being 
first  heated,  the  boat  is  then  introduced  and  the  combustion  con- 
ducted in  the  usual  manner  either  in  purified  oxygen  or  air.  Air 
seems  to  answer  perfectly,  only,  of  course,  more  of  it  must  be 
used  than  of  pure  ox3^gen ;  the  most  convenient  method  is  to 
draw  the  air  through  by  means  of  a  water  aspirator,  and  at  the 
rate  of  six  litres  an  hour.  Operating  in  this  way  I  have  not 
found  any  diflSculty  in  oxidizing  the  carbon  completely,  even  the 
graphite.  This  is  probably  from  two  reasons :  first,  the  heat  is  a 
fbll  yellow,  much  more  than  a  glass  tube  could  bear ;  secondly, 
the  carbon  being  in  a  state  of  molecular  division  and  surrounded 
on  every  side  by  particles  of  metallic  copper,  is  sure  to  be  burned 
OS  soon  as  the  copper  itself  becomes  oxidized. 

When  once  this  apparatus  is  mounted  it  demands  very  little 
attention ;  the  porcelain  tube  will  last  from  ten  to  twenty  times, 
and  by  having  two  boats  one  may  be  withdrawn  and  the  other 
inserted  without  cooling  the  tube,  so  that  two  combustions,  in- 
cluding the  weighings  and  calculations,  may  be  made  inside  of 
three  hours.     The  copper  boats,  if  made  of  ordinary  thin  metal, 
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will  last  five  times  before  they  become  entirely  oxidized  throngh. 
As  showing  the  result  of  the  above  method,  which  has  been  used 
daring  the  past  year  and  a  half,  I  will  venture  to  quote  a  few  oat 
of  a  large  number  of  analyses. 


Carbon.  Carbon.  Carbon.  Carbon. 

1051  ^/•828  ^/•841  ^/-STl 


Difference      -014  -015  -000  -025 

A,  B,  C,  D,  being  different  samples  of  steel.  After  making  an 
aggregate  of  over  sixty  combustions,  the  maximum  departure 
from  the  mean  in  various  samples  has  been  three  hundredths  of 
one  per  cent.,  and  the  average  departure  from  the  mean  is  a  trifle 
over  one  hundredth,  or  one  part  in  ten  thousand  of  the  metal  ope- 
rated on. 

To  recapitulate,  the  method  described  above  consists  in  attack- 
ing the  alloy,  previously  pulverized  and  sifted^  by  a  solution  of 
sulphate  of  copper,  washing  the  mixed  copper  and  carbon  on  a 
funnel  plugged  with  asbestos,  and  finally  burning  the  entire  mass 
in  a  stream  of  oxygen  or  air  in  a  porcelain  tube  maintained  at  a 
much  higher  temperature  than  can  possibly  be  used  with  Bohe- 
mian glass. 


An  Improvebient  in  Bunsen's  Method  for  Specific   Gravitt 
OF  Gases.    By  T.  C.  Mendenuall,  of  Columbus,  Ohio. 

Bunsen's  method  consists  in  taking  the  time  occupied  in  the 
flow  of  a  given  volume  of  a  gas  through  a  small  opening  in  a  thin 
plate  of  platinum.  The  time  is  ascertained  by  noting  the  instant 
of  the  passage  of  a  line  drawn  upon  a  glass  float,  which  moves 
upon  the  surface  of  the  mercury  in  the  cistern,  behind  a  fixed  line 
drawn  upon  the  gas  chamber.  In  the  improvement  it  is  proposed 
to  dispense  with  the  float  and  measure  the  time  by  means  of  an 
electric  chronograph  —  the  circuit  being  closed  at  two  points  — 


Beparated  by  a  convenient  distance,  within  the  chamber.  Figs. 
1  and  2  sbow  how  an  ordinary  form  of  the  apparatus  has  been 
modified. 


^^ 


^ 


A  tliin  hard  board  Is  made  of  a  proper  length  and  width  to  fit 
closely  in  the  tube  contEuning  the  gas ;  a  and  b  are  windows  cut 
in  it,  and  in  which  are  platinum  points  turned  downward,  and 
connected  by  means  of  insulated  wire  with  the  outside  of  the 
mercury  cistern.  A  shoulder  is  made  upon  the  lower  end  of  the 
board  to  insure  that  it  always  reaches  the  same  point  in  the 
tube.  Fig.  2  repreBents  the  same  board  as  fitted  in  the  gas  tube 
and  that  immersed  in  the  mercury  cistern.  A  vertical  section  is 
shown,  a  and  &  are  the  conducting  wires  is  before,  and  c  is  a  wire 
in  continuous  contact  with  the  mercury  within  the  cistern.  The 
stopcock  being  opened  t^e  mercury  in  rising  closes  the  current 
Bucceesively  between  c  and  a  and  b.  Thus  the  beginning  and  end 
of  the  tjme  may  be  marked  by  a  chronograph  or  by  a  bell  magnet ; 
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in  the  latter  case,  the  operator  can  give  his  attention  entirely  to 
taking  the  time  from  a  clock  or  watch. 

It  will  be  seen  that  much  greater  accuracy  as  well  as  greater 
ease  is  attainable  by  this  method  than  by  the  use  of  a  float.  It 
is  obvious  that  a  simple  arrangement  will  be  to  fuse  the  platinum 
wires  in  the  sides  of  the  gas  chamber.  The  most  convenient  de- 
vice, perhaps,  is  that  of  using  the  ordinary  gas  tube  with  a  new 
mercury  cistern — in  the  centre  of  which  rises  a  slender  rod  con- 
taining the  platinum  points — the  wires  from  which  are  carried  out 
through  the  side  or  bottom  of  the  cistern. 


Comparative  Determinatioks  of  the  Solubilities  of  Alka- 
loids IN  Crystalline,  Amorphous  and  Nascent  Conditions  : 
Water-washed  Solvents  being  used.  By  Albert  B. 
Prescott,  of  Ann  Arbor,  Mich. 

The  few  determinations  here  reported  were  made  with  the  desire 
to  obtain  further  data  as  to  the  power  of  solvents  when  used  to 
extract  alkaloids  from  water  solutions  or  moist  residues.  The 
separations  of  alkaloids,  by  treating  their  salts,  in  water  solution 
or  in  moist  residue,  at  once  with  alkali  and  with  solvents,  are 
already  found  of  great  service  in  proximate  analysis.  The  use  of 
ether  after  alkali,  as  proposed  by  Stas  in  1851,  with  the  previous 
ether  washing  of  the  acid  material  as  proposed  by  Otto  in  1856 ; 
also  the  use  of  chloroform  instead  of  ether,  as  proposed  by 
Bodgers  and  Girdwood  in  1856,  and  the  use  of  amylic  alcohol 
in  the  way  of  Otto's  modification,  as  proposed  by  Uslar  and 
Erdmann  in  1861,^  have  become  familiar  from  their  value  in 
forensic  analysis.  More  recently,  Dragendorff  has  presented 
methods  for  the  use  of  various  solvents,  particularly  chloroform, 
amylic  alcohol,  benzole,  and  '^  petroleum  ether,"  each  being  ap- 
plied alternately  in  acid  and  alkaline  aqueous  solutions,  for  various 
analytical  purposes,  especially  the  separation  of  alkaloids  from 

1  Anal.  d.  Chem.  a.  Pharm.,  180, 121 :  Zeitsch.  f.  Analyt.  Chem.,  L  287. 
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plant  constituents  and  the  systematic  separation  of  alkaloids 
from  each  other .2 

In  most  of  these  operations  the  solvents  are  necessarily  satu- 
rated with  water ;  and  ether,  chloroform  and  amylic  alcohol  hold 
quantities  of  water  sufficient  to  affect  their  solvent  power  to  a 
considerable  extent.  At  the  same  time  these  three  solvents  can 
readily  be  obtained  free  from  ethylic  alcohol,  and  the  ether  and 
chloroform  free  from  acids,  the  impurities  occurring  in  their  com- 
mercial state  and  largely  varying  their  solvent  power,  simply  by 
washing  with  water.  In  other  words,  we  have  in  water-washed 
ether,  chloroform  and  amylic  alcohol,  cheap,  convenient  and  uni- 
form grades  of  these  solvents,  nearly  or  quite  free  from  all  impur- 
ities except  the  water,  which  is  unavoidably  present  in  the  ana- 
lytical processes  to  be  provided  for. 

It  is  desirable  to  know  how  much  influence  the  amorphous 
condition  and  that  of  recent  liberation  from  salt  have  upon  the 
adhesive  force  of  alkaloids  for  these  water-washed  solvents;  so 
that  we  may  understand  the  degree  of  supersaturation  attained 
when  dissolving  in  the  nascent  or  amorphous  dondition. 

The  washed  ether  used  was  neutral  to  test  paper,  and  of  sp.  gr. 
0-7290,  at  15**  C.  Before  washing,  it  was  acid  and  of  sp.  gr.  0-7477, 
at  15^  C. 

The  wasJied  chloroform  was  neutral,  and  of  sp.  gr.  1*4953,  at 
15°  C.  In  washing  chloroform,  the  last  agitation  was  made  and 
the  water  drawn  off  at  0°  C,  by  which  means  more  perfect  separa- 
tion is  effected.  It  was  slightly  turbid  when  below  16°  C,  but 
clear  when  above  that  temperature.  If  washed  at  18°  to  20°  C, 
it  would  be  turbid  below  24°  C. 

The  washed  amylic  alcohol  was  of  sp.  gr.,  0*8316,  at  15°  C. 

The  washed  benzole  was  of  sp.  gr.  0*8766,  at  15°  C. ;  and  boiled 
at  89°  C. 

The  morphia  was  purified  by  digesting  and  washing  with  the 
solvents  employed  respectively.  The  cinchonia  was  washed  for 
some  time  on  a  filter  with  ammonia  of  sp.  gr.  0*96 ;  then  dried 
and  well  washed  with  ether  and  dried  again. 

Except  as  otherwise  stated,  the  solvents  were  applied  at  their 

s  Pharm.  Zeitsch.  fUr  Busslandj  1866|  Heft.  2,  and  1867,  Heft  10;  Zeitsch.  f.  Analyt. 
Chcm.,  vi,  300,  and  vii,  52. 

Zeitsch.  f.  Analyt.  Chem.,  Tiii,  240  (1868). 

Beitrage  zur  Gericht.  Chem.  Organ,  Gifte,  1872. 

Die  Chem.  Werthbestimmnng  einlger  Starkwirkender  Drogaen,  187i. 
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boiling  points  for  five  minates ;  when  they  were  tamed  upon  the 
filter.  To  dissolve  in  the  **  nascent  condition,"  a  sulphuric  acid 
solution  was  wanned  in  a  large  test-tube,  mixed  with  the  solvent 
and  the  mixture  warmed  to  the  boiling  point  of  the  solvent,  then 
made  slightly  alkaline  with  ammonia  and  shaken,  and  kept  warm 
for  five  minutes,  then  turned  upon  the  filter.  The  filtered  solu- 
tions were  received  in  a  tared  specific  gravity  bottle ;  the  bottle 
being  stoppered  as  soon  as  possible  and  the  weight  of  bottle  and 
contents  taken.  The  solution  was  then  turned  into  a  thin  tared 
beaker,  the  bottle  well  rinsed  with  portions  of  the  solvent  into 
the  beaker,  and  the  liquid  evaporated  on  the  water-bath,  at  a  suit- 
able temperature,  and  the  weight  of  the  residue  taken.  The 
weight  of  residue,  deducted  from  that  of  the  solution,  gives  the 
weight  of  the  solvent.  From  five  to  ten  grammes  of  the  solvent 
were  used.  For  solubilities  of  morphia,  two  or  more  trials  were 
made  for  each  determination,  the  mean  being  given.  For  solu- 
bilities of  cinchonia,  but  one  trial  was  made  in  each  determina- 
tion. 

Morphia:  number  parts  of  water-washed  solvent  required  for 
one  part  of  alkaloid. 

Amylio 
BUier.         Chlorofbrm.      AloohoL         Benzole. 

Crystallized  6148  4379  91  8930 

Amorphous  2112  1977  —  

Nascent  1062  861  91  1997 

CincJionia:   number  parts  water-washed  solvent  required   for 
one  part. 

Amylio 
Ether.         Chloroform.      Alcohol.         Benzole. 

Crystallized  719  828  —  


Amorphous  563  40  531 

Nascent  526  178  22  376 

Crystallized  morphia  treated  fifteen  minutes  with  washed  chlo- 
roform at  25**  C,  required  9770  parts  of  the  solvent ;  treated  with 
boiling  chloroform,  and  allowed  to  deposit  for  twelve  hours  and 
then  filtered,  held  6209  parts  of  the  solvent.^ 

Nearly  all  the  solutions  deposited  alkaloid  on  standing  a  short 

*  Wormley  gives  6S60  as  ratio  of  chlorofbrm  (not  washed)  to  morphia  In  saturated 
solution :  MierthehemUtry  of  Poitoni,  471. 

Hager,  an  aathority  generally  exact,  gives  morphia  as  solnble  In  abont  00  parts  of 
chloroform :  Uniertuekungenj  II,  ISO. 
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time,  though  most  of  the  filtrates  remained  clear  for  five  or  ten 
minates. 

When  the  acid  solution  of  morphia  was  made  alkaline  with  a 
large  excess  of  potassa  (a  ready  solvent  of  the  alkaloid)  it  required 
5656  parts  of  chloroform  instead  of  861.  The  writer  has  from 
time  to  time  observed  that  alkalies  which  redissolve  the  alkaloids, 
in  so  doing,  measurably  prevent  extraction  upon  Stas'  plan. 
Doubtless,  the  best  results  in  these  cases  would  follow  the  use  of 
measured  quantities  of  standard  solutions  of  the  acid  employed  to 
salify  and  the  alkali  employed  to  liberate  the  alkaloidal  material. 

The  residues  of  morphia,  from  ether,  chloroform  and  benzole, 
were  amorphous ;  from  amylic  alcohol  crystalline.  Th^  residues 
of  cinchonia  from  ether  and  from  amylic  alcohol  were  crystalline, 
from  chloroform  and  from  benzole  amorphous. 

Determinations  of  solubilities,  when  the  ratio  of  solvent  to 
solid  is  tery  large,  must  necessarily  be  approximate  rather  than 
precise,  even  when  the  stable,  saturated  solutions  are  determined. 
And  when  the  instable,  ^wpersoXuraied  solutions  are  undertaken,  it 
is  evident  that  variations  must  be  greater.  The  time  taken  in 
filtration,  for  instance,  and  the  atmospheric  temperature  during 
filtration,  must  affect  the  results.  The  effect  of  temperature  of 
the  solvent,  when  applied  to  the  alkaloid  at  the  moment  of  its  lib- 
eration, the  writer  has  not  yet  investigated. 


Rapid  and  Automatic  Filtration,  with  Description  of  Appar- 
atus.   By  Thad.  M.  Stevens,  of  Indianapolis,  Ind. 

Amono  the  most  useful  principals  to  the  analytic  chemist  are 
those  of  rapid  and  automatic  filtration.  Several  appliances  have 
been  brought  into  use  for  the  accomplishment  of  such  a  process. 
As  to  rapid  filtration,  none  have  any  degree  of  value  that  are  not 
based  upon  the  idea  of  exhaustion  of  the  vessel  to  contain  the  • 
filtrate.  '^Bunson's  pump,"  so-called,  is  the  most  efficient  of  all 
in  use,  but  there  are  several  practical  objections  thereto.  First, 
its  cost  and  fragility  prevents  its  universal  adoption  and  is  pro- 
ductive of  troubles ;  apart  from  this  it  requires  a  plentiful  supply 
of  water,  such  as  is  not  available  in  the  smaller  laboratories  at 
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least.     Sach  objections  practically  shut  off  seven-eiglitB  of  those 
who  woald  be  benefited  fVom  its  use. 

Feeling  the  need  of  Bome  more  simple  apparatas,  one  that  coold 
be  obtained  by  all,  we  have  applied  tho  well-known  power  of  steam 
to  the  purpose  of  producing  exhaustion,  in  the  same  way  that  it 
is  applied  in  the  common  atomizers.  A  boiler  holding  about  one 
pint  is  used ;  with  this  we  can  cause  enough  exhaustion  to  answer 
in  all  ordinary  cases. 


AppBrsEun  Tor  Rapid  BUd  Autamallc  Fillmlion.  A.  Tobe  with  rubber  Up  by  which 
the  flller  Is  supplied.  B.  Tube  nlch  rubber  tip  b;  which  (be  sir  Is  supplied  to  Teaael 
caDtatnlng  the  fluid.    C.  Wolff  bottle  to  contain  flitrate. 

By  reference  to  the  cut  the  plan  will  be  fully  explained.  The 
boiler  has  attached  to  it  the  atomizing  tube.  The  lower  portion  of 
the  latter  unites  by  a  rubber  tube  with  the  vessel  (C)  to  be  ex- 
hausted and  that  ia  to  contain  the  filtrate ;  in  this  case  it  is  a 
Wolff  bottle.  Into  one  opening  of  this  is  inseited  a  cork  through 
which  a  funnel  is  passed  ;  this  completes  the  rapid  filtration  part  of 
the  plan.  As  the  fluid  ia  poured  into  the  filter  that  is  placed  in 
the  funnel  inserted  into  the  vessel  (C)  and  exhaustion  produced, 
by  the  atomizer,  the  rapidity  of  filtration  is  increased  from  four 
to  six  fold,  sufficient  for  all  practical  purposes  ;  the  adjustment  of 
the  filter  into  the  funnel  is  simitar  to  that  of  Bunson's,  a  platinum 
cap  being  placed  at  the  apex  to  prevent  rapture.  What  we  have 
found  to  answer  quite  as  well  is  a  point  or  cap  of  artificial  parch- 
ment paper,  applied  in  the  same  way. 
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The  automatic  portion  of  the  apparatus  shown  may  be  formed 
out  of  a  lamp  chimney  and  ma}*^  be  of  various  sizes  according  to 
the  amount  of  fluid  to  be  filtered.  A  cork,  of  gutta-percha  in 
preference,  is  fitted  into  either  extremity  of  the  chimney ;  into  the 
lower  cork  two  glass  tubes  are  inserted,  the  one  stopping  at  the  in- 
ner surface  of  the  cork,  the  other  passing  up  to  within  a  short  dis- 
tance of  the  other  cork.  At  the  lower  extremity  of  these  two  tubes 
are  attached  two  pieces  of  rubber  tubing,  the  one  upon  the  tube  (a) 
to  be  about  three  inches  in  length,  the  other  two  and  a  half  inches, 
through  the  cork ;  at  the  larger  and  upper  extremity  of  the  chimney, 
a  small  funnel  is  passed  through  which  the  fluid  to  be  filtered  is 
poured,  the  rubber  tubing  below  being  closed  by  a  small  clamp  in 
the  meanwhile ;  when  the  fiuid  has  been  introduced  the  tube  of  the 
funnel  is  closed  by  a  plug  of  soft  wood  or  rubber,  thus  the  chim- 
ney is  air  tight.  Now  if  this  is  supported  by  a  retort  stand  or 
clamp,  and  placed  so  that  the  rubber  tubing  (a)  and  (b)  be  within 
the  filter,  and  the  end  of  (b)  one-fourth  of  an  inch  below  the  up- 
per edge  thereof,  and  the  clamp  removed,  then  the  fiuid  will  pass 
out  of  the  tubing  (a)  until  the  end  of  the  other  tubing  (b)  is 
closed  by  the  escaped  fiuid.  This  will,  of  course,  take  place  before 
the  filter  is  quite  filled,  and  at  that  instant  the  fiow  will  cease 
until  this  tube  is  again  rendered  pervious  by  the  escape  of  the 
fiuid  through  the  filter.  The  fiuid  cannot  overfiow  the  filter  at  any 
time,  and  the  filtration  can  go  on  until  all  the  fiuid  has  passed 
without  any  further  attention  being  bestowed  upon  it.  Again, 
the  continued  agitation  of  the  liquid  that  takes  place  in  the 
chimney,  thoroughly  washes  the  precipitate,  so  that  when  the 
operation  of  filtration  is  once  completed  no  further  trouble  is 
experienced,  as  in  cases  where  this  plan  is  not  adopted.  In  con- 
clusion, we  will  say  that  the  practical  working  of  this  mode  of 
rapid  and  automatic  filtration  is  satisfactory.  The  gross  cost 
need  not  exceed  ten  dollars.  The  exhaustion  of  the  vessel  (C) 
might  be  produced  by  the  substitution  of  clock-work  for  the  steam 
atomizer,  or  electricity  could  be  utilized  as  the  motive  power. 
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Of  the  leaders  in  Natural  Science,  the  guides  and  teachers  of 
some  of  us  now  becoming  gray,  who  have  in  the  past  year  been 
stricken  by  death  from  the  roll  of  workers  here,  and  have  en- 
tered into  the  unseen  world,  two  rise  before  me  with  special 
vividness  on  the  present  occasion : — Lyell,  our  greatest  geological 
thinker,  the  classifier  of  the  Tertiary  rocks,  the  summer  up  of  the 
evidence  on  the  antiquity  of  man ;  but  above  all  the  founder  of 
that  school  of  geology  which  explains  the  past  changes  of  our 
globe  by  those  at  present  in  progress ;  and  Logan,  the  careful  and 
acute  stratigraphist,  the  explorer  and  establisher  of  the  Lauren- 
tian  system,  and  the  first  to  announce  the  presence  of  fossil  re^ 
main^  in  those  most  ancient  rocks.  What  these  men  did  and  what 
dying  they  left  undone,  alike  invite  us  to  the  consideration  of  the 
present  standpoint  of  Geological  science,  the  results  it  has 
achieved  and  the  objects  yet  to  be  attained ;  and  I  propose  ac- 
cordingly to  select  a  small  portion  of  this  vast  field  and  to  offer 
to  you  a  few  thoughts  in  relation  to  it,  rather  desultory  and  sug- 
gestive however,  than  in  any  respect  final.  I  shall  therefore  ask 
your  attention  for  a  short  time  to  the  question — "What  do  we 
know  of  the  origin  and  history  of  life  on  our  planet  ? " 
,    This  great  question,  confessedly  accompanied  with  many  difilcul- 
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iies  and  still  waiting  for  ^its  full  solution,  has  points  of  intense 
interest  both  for  the  Geologist  and  the  Biologist.  In  treating  of 
it  here,  it  will  be  well,  however  meagre  the  result,  to  divest  it  of 
merely  speculative  views,  and  to  present  as  far  as  possible  the 
actual  facts  in  our  possession,  and  the  conclusions  to  which  they 
seem  to  point. 

"If,"  says  that  greatest  of  uniforfbitarian  geologists,  who  has 
so  recently  passed  away,  "the  past  duration  of  the  earth  be  finite, 
then  the  aggregate  of  geological  epochs,  however  numerous,  must 
constitute  a  mere  moment  of  the  past,  a  mere  infinitesimal  portion 
of  eternity."  Yet  to  our  limited  vision,  the  origin  of  life  fades 
away  in  the  almost  illimitable  depths  of  past  time,  and  we  are 
ready  to  despair  of  ever  reaching,  by  any  process  of  discovery,  to 
its  first  steps  of  progress.  At  what  time  did  life  begin  ?  In  what 
form  did  dead  matter  first  assume  or  receive  those  mysterious 
functions  of  growth,  reproduction  and  sensation  ?  Only  when  we 
picture  to  ourselves  an  absolutely  lifeless  worl^J,  destitute  of  any 
germ  of  life  or  organization,  can  we  realize  the  magnitude  of  these 
questions,  and  perceive  how  necessary  it  is  to  limit  their  scope  if 
we  would  hope  for  any  satisfactory  answer. 

I  shall  here  dismiss  altogether  that  form  in  which  th^se  ques- 
tions present  themselves  to  the  biologist,  when  he  experiments  as 
to  the  evolution  of  living  forms  from  dead  liquids  or  solids  —  an 
unsolved  problem  of  spontaneous  generation  which  might  alone 
occupy  the  whole  time  of  this  Section.  Nor  shall  I  enter  on  the 
vast  field  of  discussion  as  to  modem  animals  and  plants  opened 
up  by  Darwin  and  others.  I  shall  confine  myself  altogether  to 
that  historical  or  palseontological  aspect  in  which  life  presents 
•itself  when  we  study  the  fossil  remains  entombed  in  the  sediments 
-  of  the.  earth's  crust,  luid  which  will  enable  me  at  least  to  show  why 
some  students  of  fossils  hesitate  to  give  in  their  adhesion  to  any 
of  the  current  notions  as  to  the  origin  of  species.  I  may  also 
explain  that  I  shall  avoid,  as  far  as  possible,  the  use  of  the  term 
evolution,  as  this  has  recently  been  employed  in  so  man}-  senses 
as  to  have  become  nearly  useless  for  any  scientific  purpose,  and  that 
Tvhen  I  speak  of  creation  of  species,  the  term  is  to  be  understood 
not  fn  the  arbitrary  sense  forced  on  it  by  some  modern  writers, 
but  as  indicating  the  continuous  introduction  of  new  forms  of  life 
,  under  definite  laws,  but  b}^  a  power  not  emanating  from  within 
themselves,  nor  from  the  inanimate  nature  surrounding  them. 
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If  we  were  to  follow  the  guidance  of  those  curious  analogies 
which  present  themselves  when  we  consider  the  growth  of  the  in- 
dividual plant  or  animal  from  the  spore  or  the  ovum,  and  the  de- 
velopment of  vegetable  and  animal  life  in  geological  time — analo- 
gies which,  however,  it  must  be  borne  in  mind  can  have  no  scien- 
tific value  whatever,  inasmuch  as  that  similarity  of  conditions  which 
can  alone  give  force  to  reasoning  from  analogy  in  matters  of  sci- 
ence, is  wholly  wanting — we  should  expect  to  find  in  the  oldest 
rocks  embryonic  forms  alone,  but  of  jjourse  embryonic  forms 
suited  to  exist  and  reproduce  themselves  independently.     * 

I  need  hot  say  to  palaeontologists  that  this  is  not  what  we  actu- 
ally find  in  the  primordial  rocks.  I  need  but  to  remind  them  of 
the  early  and  remarkable  development  of  such  forms  as  the  Trilo- 
bites,  the  Lingulidae  and  the  Pteropods,  all  of  them  highly  com- 
plex and  specialized  types,  and  remote  from  the  embryonic  stages 
of  the  groups  to  which  they  severally  belong.  In  the  case  of  the 
Trilobites,  I  need  but  refer  to  the  beautiful  symmetry  of  their  parts 
both  transversely  and  longitudinally,  their  division  into  distinct 
regions,  the  complexity  of  their  muscular  and  nervous  systems, 
their  highly  complex  visual  organs,  the  superficial  ornamentation 
and  microscopic  structure  of  their  crusts,  tlieir  advanced  position 
among  Crustaceans,  indicated. by  their  strong  afl3nities  with  the 
Isopods.  All  these  characters  give  them  an  aspect  far  from  em- 
bryonic, while,  as  Barrande  has  pointed  out,  this  advanced  po- 
sition of  the  group  has  its  significance  greatly  strengthened  by  the 
fact  that  in  early  primordial  times  we  have  to  deal  not  with  one 
species  but  with  a  vast  tod  highly  differentiated  group,  embracing 
forms  of  many  and  varied  subordinate  types.  As  we  shall  see, 
these  and  other  early  animjvls  ma}^;  be  regarded  as  of  generalized 
types  but  not  as  embryonic. '  Here. then  meets  us  at  the  outset 
the  fact  that  in  as  far  as  the  great  groups  of  annulose  and  mol- 
luscous animals  are  concerned,  we  can  trace  these  back  no  further 
than  in  a  period  in  which  they  appear  already  highlj'  advanced, 
much  specialized  and  represented  by  many  diverse  forms.  Either 
therefore  these  great  groups  came  in  on  this  high  initial  plane,  or 
we  have  scarcely  reached  half  way  back  in  the  life  history  of  our 
planet. 

We  have  here,  however,  by  this  one  consideration  attained  at 
once  to  two  great  and  dominant  laws  regulating  the  historj'^  of 
life.     First,  the  law  of  continuity,  whereby  new  forms  come  in 
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snccessively,  throughout  geological  time,  though  as  we  shall  see 
with  periods  of  greater  and  less  frequency.  Secondly,  th^  law  of 
specialization  of  types,  whereby  generalized  forms  ar^ucceeded 
by  those  more  special,  and  this  probably  connected  with  the  grow- 
ing specialization  of  the  inorganic  world.  It  is  this  second  law 
which  causes  the  parallelism  between  the  history  of  successive 
species  and  that  of  the  embryo. 

But  there  are  great  masses  of  strata  known  as  Lower  Cambrian, 
Huronian,  Lauren tian,  which  have  made  as  yet  few  revelations  as 
to  the  Ufe  which  may  have  existed  at  the  time  of  their  deposition. 
In  these  rocks  we  know  the  problematical  Aspiddla  of  Billings 
from  Newfoimdland,  the  worm-burrows  or  Scolithus-like  objects 
which  occur  in  the  Pre-silurian  rocks  of  Madoc,  the  Eozoon  Bava- 
ricum  of  Gumbel,  and  the  Eozoon  Canadense,  fir&t  made  known 
by  Logan,  in  the  Laurentian  of  Canada.  The  first  of  these  names 
represents  a  creature  that  may  have  been  a  mollusk,  allied  to  Pa- 
tella, or  some  obscure  form  of  crustacean.  The  cylindrical  holes 
called  worm-burrows,  are  of  course  quite  uncertain  in  their  refer- 
ence. They  may  represent  marine  worms  in  no  respect  different 
from  those  now  swarming  on  our  shores,  or  sponges,  or  corals,  or 
sea-weeds.  In  any  case  they  afford  little  help  in  explaining  the 
teeming  life  of  the  primordial  seas,  and*  we  can  only  hope  that  the 
vast  thickness  of  sediments  which  has  afforded  these  few  traces  of 
life  may  prove  more  fertile  in  the  future.  One  slender  beam  of 
light  in  the  darkness  is,  however,  afforded  by  the  Eozoon  Bavor 
ricum  of  Gumbel.  If  truly  a  fossil,  this  creature  is  closely  con- 
nected with  the  still  older  Eozoon  of  th^  Laurentian.  It  there- 
fore points  backward  to  what  is  to  us  the  dawn  of  life,  but  has  no 
close  link  of  connection  with  the  succeeding  fauna.  On  the  other' 
hand  Aspidella  and  Scolithtis  may  be  held,  if  obscurely,  to  point 
forward.  Thus  the  Huronian  and  early  Cambrian  become  a  pe- 
riod of  transition  from  the  Protozoa  of  the  Laurentian  to  the 
higher  marine  life  that  succeeds — a  passage  to  be  more  fully  ex- 
plained perhaps,  and  its  great  gaps  filled  by  future  discoveries ; 
but  which  may,  as  in  some  later  periods,  be  complicated  with  a 
contemporaneous  transition  from  oceanic  to  shallow-water  condi- 
tions in  the  localities  open  to  exploration. 

It  will  be  observed  that  I  take  for  granted  the  animal  nature  of 
Eozoon.  If  we  reject  this,  we  stand  face  to  face  with  the  bare, 
bald  mystery  of  the  abrupt  manifestation  of  the  Primordial  fauna, 
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without  even  so  much  of  preparation  as  may  be  supposed  to  arise 
from  the  previous  appearance  of  Protozoa. 

Ij[ow  then  stand  the  facts  as  to  the  Froto-foraminifer?  In  an- 
swering this  question,  we  should,  I  think,  endeavor  to  divest 
•  ourselves  of  certain  prejudices,  and  to  give  due  weight  to  some 
probabilities  and  analogies  which  may  in  one  way  or  another  sway 
our  opinion. 

First,  we  must  be  prepared  to  find  that  those  old  crystalline 
rocks  which  we  call  Laurentian,  have  no  real  aflSnity  with  intru- 
sive granites  and  other  igneous  masses,'  but  are  niost  nearly  allied 
to  modem  sedimentary  deposits.  That  the  original  chemical  char- 
acter of  some  of  these  ancient  sediments  may  have  differed  to 
some  extent  from  that  of  more  modem  sediments  I  do  not  doubt. 
Yet  it  is  true  that  the  more  common  of  them,  as  the  gneisses, 
diorites  and  mica-schists,  consist  of  precisely  the  same  elements 
which  now  appear  in  modem  clays  and  sands,  and  that  where  local 
alteration  has  affected  more  modem  rocks,  we  see  these  passing 
by  insensible  gradations  into  similar  metamorphic  beds.  Farther 
when  the  old  crystalline  rocks  are  subjected  to  subaerial  disinte- 
gration, they  resolve  themselves  again  into  the  most  common  sedi- 
■  mentary  materials.  . 

Another  consideration  here  is  the  unequal  manner  m  which 
sediments  become  altered   according  to  ^thdlr  composition,  and 

■ 

to  the  extent  to  which  they  are  permeable  by  heated  waters 
and  vapors.  For  this  reason,  contiguous  beds  of  rock  will  often 
be  seen  to  differ  very  much  in  the  degree  of  their  alteration. 
Farther,  some  beds,  and  more  especially  limestones,  continue  to 
retain  traces  of  organic  structure  long  after  these  have  perished 
from  tieighboring  beds  of  different  chemical  composition.  More 
especially  when,  in  limestone,  the  cavities  and  pores  of  the  fossils 
have  been  penetriated  with  other  mineral  matter,  it  would  appear 
that  nothing  short  of  actual  fusion  will  serve  to  obliterate  them. 
Again,  microscopic  structures  are  often  well  preserved  when  the 
external  forms  have  been  lost,  or  are  completely  inseparable  from 
the  matrix,  and  in  the  present  state  of  microscopical  science  there 
is  little  danger  that  in  such  specimens  any  experienced  microsco- 
pist  will  fail  to  perceive  the  difference  between  organic  and  crys- 
talline structures. 

Having  freed  ourselves  from  misconceptions  of  these  kinds,  we 
may  next  turn  to  certain  presumptions  established  by  the  const!- 
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tution  of  the  Lauren tian  rocks,  and  the  minerals  contained  in 
them. 

'The  limestones  of  the  Laurentian  system  are  of  great  thickness 
and  of  vast  geographical  extent.  Sir  W.  E.  Logan  has  traced 
and  measured  three  principal  bands  of  these  limestones,  ranging 
in  thickness  from  60  to  1,500  feet,  and  traceable  continuously  in 
one  district  of  Canada  for  more  than  one  hundred  miles,  while 
their  actual  horizontal  area  must  be  enormously  greater  than  this 
distance  would  indicate.  These  limestones  are  also  associated 
with  gneissose  and  schistose  beds,  exactly  in  the  same  way  in 
which  Palaeozoic  limestones  are  associated  with  sandstones  and 
shales ;  and  some  of  them  are  ordinary  limestones,  while  others 
are  more  or  less  dolomitic,  in  which  also  they  resemble  the  palaeo- 
zoic limestones.  Every  geologist  knows  that  the  beds  which  in 
the  succeeding  geological  periods  are  the  representatives  of  these 
Laurentian  limestones,  are  not  only  fossiliferous,  but  largely  com- 
posed of  the  debris  of  oceanic  organisms,  and  that  it  is  to  the 
purer  and  more  crystalline  beds  that  this  statement  most  fhlly  ap- 
plies. May  we  not  reasonably  infer  that  the  great  Laurentian 
limestones  are  of  similar  origin.       '  , 

One  feature  of  these  beds  which  has  sometimes  received  a  very 
different  interpretation,  I  would  here  place  in  this  connection.  It 
is  the  association  ofdydrous  Silicates,  and  especially  of  Serpeij- 
tine  and  Loganite,  with  the  limestones,  an  association  not  universal 
but  b}''  no  means  uncommon  in  the  Laurentian,  and  which  may 
now  be  affirmed  to  occur  throughout  the  whole  series  of  marine 
organic  limestones,  up  to  the  chalky  foraminiferal  mud  now  accu- 
mulating in  the  depths  of  the  ocean.  It  is  true  that  the  silicates 
found  in  different  formations  differ  somewhat  in  composition,  but' 
Dr.  Sterry  Hunt  has  shown  that  the  Serpentines,  Jollite,  Loganite 
and  the  various  Glauconites  constitute  a  single  series,  whose  mem- 
bers graduate  into  each  other,  and  some  of  the  modern  Glauco- 
nites are  not  essentially  distinct  from  the  most  ancient. Serpentine. 

This  association  is  not  accidental.  It  arises  in  the  first  place 
from  the  facility  afforded  for  the  combination  of  Silica  with  bases, 
arising  from  the  presence  of  organic  matter  in  the  sea-bottom, 
and  secondly  from  the  abundance  of-  soluble  Silica  in  the  hard 
parts  of  Diatoms,  Badiolarians  and  Sponges,  while  these  form  the 
chief  food  of  animals  building  their  own  skeletons  of  Carbonate 
of  Lime,  and  consequently  having  no  need  of  Silica.    In  this 
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point  of  view  the  Hydrous  Silicates  may  be  regarded  as  a  sort  of 
coprolitic  matter,  rejected  by  Foraminifera  and  other  humble  ma- 
rine animals  having  calcareous  skeletons.  I  hold,  therefore,  that 
the  association  of  Serpentine  and  Loganite  with  the  Laurentian 
limestones  affords  an  additional  reason  for  regarding  them  as 
organic,  while  it  also  explains  the  favorable  conditions  in  which 
Foraminifera  exist  for  the  permanent  preservation  of  the  struc- 
tures of  their  tests. 

But  again,  there  are  vast  quantities  of  Carbon  in  these  lime- 
stones and  the  associated  beds.  The  quantity  of  carbon  in  some 
large  regions  of  the  Lower  Laurentian  in  Canada,  is,  as  I  have 
elsewhere  shown,  comparable  with  that  in  similar  thicknesses  of 
the  Carboniferous  system.  But  what  geologist  refers  the  carbon 
of  the  Ph-laeozoic  rocks  to  any  other  than  an  organic  origin.  True 
it  is  that  this  caibon  of  the  Laurentian  is  in  the  state  of  graphite 
and  destitute  of  organic  structure;  but  this  applies  to  similar 
material  in  other  altered  rocks,  for  example,  ta  the  graphitic 
shales  of  the  Silurian  of  Eastern  Canada  and  to  the  coal  of  Bhode 
Island. 

Lastly,  ought  we  ]K)t  to  attach  some  value  to  that  generalization 
of  Dr.  Sterry  Hunt,  which  aflSrms  that  the  grand  agent  in  the 
reduction  and  solution  of  the  Peroxide  of  Iron  has  been  organic 
mat^r.  In  this  case  what  incalculable  quantities  of  perished 
carbonaceous  matter  must  be  represented  by  the  great  beds  of 
Magnetite  in  the  Laurentian. 

If,  then,  it  is  not  unreasonably  to  believe  that  the  Laurentian 
limestones  may  be  of  organic  origin,  the  next  question  that  occurs 
relates  to  the  state  of  preservation  in  which  the  remains  of  such 
supposed  organisms  may  occur.  It  would  be  conceivable  that  the 
process  of  crystB?lline  rearrangemetit  of  particles  might  have  pro- 
ceeded so  far  as  entirely  to  obliterate  all  traces  of  organic  form  or 
structure  ;•  but  judging  from  other  cases  of  altered  limestones,  this 
would  be  scarcely  likely.  In  such  limestones  it  is  true,  the  fossils 
are  often  sa  obscure  as  to  make  little  appearance  on  a  fresh  frac- 
ture of  the  stone,  but  they  may  present  themselves  distinctly  on 
the  weathered  surfaces,  in  consequence  of  some  difference  either 
in  resisting  power  or  hardness,  between  the  fossil  and  the  matrix. 
In  some  cases  also  tliey  can  readily  be  developed  by  the  action  of 
an  acid,  and  still  more  frequently  their  microscopic  textures  re- 
main when  the  external  forms  are  entirely  concealed.    There  are 
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few  crystalline  marbles,  once  fossiliferous,  that  do  not  exhibit  in- 
dications of  their  true  nature  in  one  or  other  of  these  ways. 

It  was  precisely  in  the  ways  above  indicated  that  Eozoon  Cana- 
dense  was  first  brought  to  light.  The  casts  of  its  flattened  cham- 
bers filled  with  Serpentine,  Loganite  or  Pyroxene,  project  from  the 
weathered  surfaces  of  the  Laurentian  limestones,  exactly  as  silici* 
fled  Stromatoporse  do  in  the  Silurian.  Such  specimens,  collected 
by  the  explorers  of  the  Canadian  Survey,  first  gav  the  idea  that 
there  were  fossils  in  these  ancient  rocks,  and  the  microscope  soon 
confirmed  the  indications  afforded  by  external  form,  and  demon- 
strated the  place  of  the  organism  in  the  animal  kingdom. 

Into  the  description  of  the  forms  and  structures  of  Eozoon  it 
would  be  out  of  place  to  enter  here.  The  details  of  these  may  be 
found  in  publications  specially  devoted  to  its  description.  I  would 
merely  insist  on  the  entire  conformity  of  the  microscopic  struc- 
tures as  I  have  myself  examined  and  described  them,  and  as  they 
have  been  farther  scrutinized  by  Dr.  Carpenter  and  others  best 
fitted  to 'judge,  with  those  of  the  calcareous  tests  of  Fori^minifera, 
and  especially  of  the  Nummuline  group,  and  on  the  harmony  of 
these  structures  with  what  the  general  considerations  already  re- 
ferred to  would  lead  us  to  expect. 

It  is,  however,  appropriate  to  our  present  subject,  to  inquire  as 
to  the  position  of  Eozoon  in  the  scale  of  animal  existence,^d 
iits  possible  relations  to  preceding  or  succeeding  types  of  life. 
With  reference  to  these  questions,  it  is  obvious  that  we  can  predi- 
cate nothing  as  to  the  relation  o^  our  proto-foraminifers  to  the 
^  varied  life  of  the  Primordial  or  to  any  other  group  of  animals  than 
its  own.  We  do  not  know  that  Eozoon  was  the  only  animal  of  its 
time.  It  may  be  merely  a  creature  characteristic,  like  some  of 
its  successors,  of  certain  habitats  in  the  deep  sea.  Foraminifera 
have  existed  throughout  the  whole  of  geological  time;  but  we 
have  no  positive  evidence  that  any  animal  of  this  class  has  ever 
been  transmuted  into  any  other  kind  of  creature.  These  consid- 
erations oblige  us  to  restrict  our  inquiries  to  the  relation  of 
Eozoon  to  other  forms  of  Foraminiferal  life.  We  may  the  more 
excusably  take  this  ground  since  even  Haeckel,  in  his  gastrula 
theory,  has  so  strenuously  maintained  th6  distinctness  of  the  Pro- 
tozoa from  all  higher  forms  of  life.  Viewed  in  this  way,  we  find 
that  the  proto-foraminifer  was  the  greatest  of  all  in  point  of  mag- 
nitude, one*of  the  most  complex  in  regard  to  structure^  compre- 
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hensive  in  type,  as  connecting  the  groups  now  recognized  as  the 
Nummulines  and  the  Rotalines,  and  if  inferior  in  anything  only 
in  less  definiteness  of  habit  of  growth,  a  character  in  which  it  is 
paralleled  by  the  sponges  and  other  groups  of  higher  rank.  Thus 
if  Eozoon  Was  really  the  beginning  of  Forarainifers,  this,  like 
other  groups  in  later  times,  appeared  at  first  in  one  of  its 'greatest 
and  best  forms,  and'  its  geological  history  consists  largely  in  a 
gradual  deposition  from  its  high  place  as  other  and  higher  types 
little  by  little  took  its  place ;  for  degradation  as  well  as  elevation, 
belongs  to  the  plan  of  nature.  Eozoon  here  brings  under  our 
notice  another  phase  of  a  creative  law,  which  is  corroborated  by 
other  forms  of  life  in  the  succeeding  periods.  It  is  this.  New 
types  do  not  usually  appear  in  their  lowest  forms,  but  in  some- 
what high  if  generalized  species.  The  fact  that  Foraminifera,  al- 
lied to  Eozoon,  have  continued  to  exist  ever  since,  introduces  us 
to  still  another,  namely,  that  though  species  and  individuals  die, 
any  large  group  once  i^jtroduced  is  very  permanent,  and  may  con- 
tinue to  be  represented  for  the  remainder  of  geological  time. 

But  let  us  leave  for  the  present  the  somewhat  isolated  case  of 
Eozoon,  and  the  few  scattered  forms  of  the  Huronian  and  early 
Cambrian  life,  and  go  on  further  to  the  Primordial  fauna.  This  is 
graphically  presented  to  us  in  the  sections  at  St.  David's  in  South 
Wales,  as  described  by  Hicks.  Here  we  find  a  nucleus  of  ancient 
rocks  supposed  to  be  Laurentian,  though  in  mineral  character 
more  nearly  akin  to  our  Huronian,  but  which  have  hitherto  af- 
forded no  trace  of  fossils.  Rcs|;ing  unconformably  on  these  is  a 
series  of  partially  altered  rocks,  regarded  as  Lower  Cambrian,  and 
also  destitute  of  organic  remains.  These  have  a  thickness  of  al- 
most 1,000  feet,  and  they  are  succeeded  by  3,000  feet  more  of 
similar  rocks,  still  classed  as  Lower  Cambrian,  but  which  have 
aflforded  fossils.  The  lowest  bed  which  contains  indications  pf 
life  id  a  red  shale,  perhaps  a  deep-sea  bed,  and  possibly  itself  of 
organic  origin,  by  that  strange  process  of  decomposition  or  dis- 
solution of  foraminiferal  ooze,  described  by  Dr.  Wyville  Thomson 
as  occurring  in  the  South  Pacific.  The  species  are  two  Lingulellce^ 
a  Discina  and  a  Leperditia,  Supposing  these  to  be  all,  it  is  re- 
markable that  we  have  no  Protozoa  or  Corals  or  Echinoderms,  and 
that  the  types  of  Brachiopods  and  Crustaceans  are  of  compara- 
tively modern  affinities.  Passing  upward  through  another  1,000 
£eet  of  .barren  sandstone,  we  reach  a  zone  in  which  no  less  than 
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five  genera  of  Trilobites  are  found,  along  with  Pteropods  and  a 
sponge.  Thus  it  is  that  life  comes  in  at  the  base  of  the  Cambrian 
in  Wales,  and  it  may  be  regarded  as  a  fair  specimen  of  the  facts 
as  they  appear  in  the  earlier  fossiliferous  beds  succeeding  the 
Laurentian.  Taking  the  first  of  these  groups  of  fossils,  we  may 
recognize  in  the  Leperditia  an  ostracod  Crustacean  closely  allied 
to  forms  still  living  in  the  seas  and  ft'esh  waters.  The  LingulellcBy 
whether  we  regard  them  as  moUuscoids,  or  with  our  colleague. 
Professor  Morse,  as  singularly  specialized  worms,  represent  a  pe- 
culiar and  distinct  type,  handed  down,  through  all  the  vicissitudes 
of  the  geological  ages,  to  the  present  day.  Had  the  Primordial 
life  begun  with  species  altogether  inscrutable  and  unexampled  in 
succeeding  ages,  this  would  no  doubt  have  been  mysterious ;  but 
next  to  this  is  the  mystery  of  the  oldest  forms  of  life  being  also 
among  the  newest.  One  great  fact  shines  here  with  the  clearness 
of  noon-day.  Whatever  the  origin  of  these  creatures,  they  repre- 
sent families  which  have  endured  till  no\%in  the  struggle  for  ex- 
istence without  either  elevation  or  degradation.  Here  again  we 
may  formulate  another  creative  law.  In  every  great  group  there 
are  some  forms  much  more  capable  of  long  continuance  than  oth- 
ers.    Lingula  among  the  Brachiopods  is  a  marked  instance. 

But  when,  with  Hicks,  we  surmount  the  mass  of  barren  beds 
overlying  these  remains,  which  from  its  unfossiliferous  char- 
acter is  probably  a  somewhat  rapid  deposit  of  arctic  mud,  like 
that  which  in  all  geological  time  has  constituted  the  rough  filling 
ol  our  continental  formations,  and  have  suddenly  sprung  upon  us 
five  genera  of  Trilobites,  including  the  fewest-jointed  and  most 
many-jointed,  the  smallest  and  the  largest  of  their  race,  our  as- 
tonishment must  increase,  till  we  recognize  the  fact  that  we  are 
now  in  the  presence  of  another  great  law  of  creation,  which  pro- 
vides that  every  new  type  shall  be  rapidly  extended  to  the  ex- 
treme limits  of  its  power  of  adaptation. 

Before  considering  these  laws,  however,  let  us  in  imagination 
transfer  ourselves  back  to  the  Primordial  age,  and  suppose  that 
we  have  in  our  hands  a  living  Plutonia^  reoentlj'^  taken  from  the 
sea,  flapping  vigorously  its  great  tail,  and  full  of  life  and  energy  ; 
an  animal  larger  and  heavier  than  the  modern  king-crab  of  our 
shores,  furnished  with  all  that  complexity  of  external  parts  for 
which  the  crustaceans  are  so  remarkable,  no  doubt  with  instincts 
and  feelings  and  modes  of  action  as  pronounced  as  those  of  its 
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modern  allies,  eikJ  if  Woodward's  views  are  correct,  on  a  higher 
plane  of  rank  than  the  king-crab  itself,  inasmuch  as  it  is  a  com- 
posite type  connecting  Limuli  with  Isopods.  We  have  obviously 
here  in  the  appearance  of  this  great  crustacean,  a  repetition  of 
the  facts  which  we  met  with  in  Eozoon  ;  but  how  vast  the  interval 
between  them  in  geological  time,  and  in  zoological  rank.  Stand- 
ing in  the  presence  of  this  testimony,  I  think  it  is  only  right  to 
say  that  we  possess  no  causal  solution  of  the  appearance  of  these 
early  forms  of  life ;  but  in  tracing  them  and  their  successors,  up- 
ward through  the  succeeding  ages,  we  may  hope  at  least  to  reach 
some  expressions  of  the  laws  of  their  succession,  in  possession 
of  which  we  may  return  to  attack  the  mystery  of  their  origin. 

First,  it  must  strike  every  observer  that  there  is  a  great  same- 
ness of  plan  throughout  the  whole  history  of  marine  invertebrate 
life.  If.  we  turn  over  the  pages  of  an  illustrated  text-book 'of 
geology,  or  examine  the  cases  or  drawers  of  a  collection  of  fossils, 
we  shall  find  extending  through  every  succeeding  formation,  rep- 
resentative forms  of  crustaceans,  mollusks,  corals,  etc.,  in  such  a 
manner  as  to  indicate  that  in  each  successive  period  there  has 
been  a  reproduction  of  the  same  type  with  modifications ;  and  if 
the  series  is  not  continuous,  this  appears  to  be  due  rather  to 
abrupt  physical  changes ;  since  sometimes  where  two  formations 
pass  into  each  other,  we  find  a  gradual  change  in  the  fossils  by 
the  dropping  out  and  introduction  of  species  one  by  one.  Thus 
in  the  whole  of  the  great  Palseozoic  Period,  both  in  its  Fauna  and 
Flora,  we  have  a  continuity  and  similarity  of  a  most  marked 
character. 

It  is  evident  that  there  is  presented  to  us  in  this  similarity  of 
the  forms  of  successive  faunas  and  floras,  a  phenomenon  which 
deserves  very  careful  sifting  as  to  the  question  of  identity  or  di- 
versity of  species.  The  dat^  for  its  comprehension  must  be  ob- 
tained by  careful  study  of  the  series  of  closely  allied  forms  occur- 
ring i;i  successive  formations,  and  our  great  and  undisturbed 
Palaeozoic  areas  in  America,  as  Nicholson  has  recently  .pointed  out, 
seem  to  give  special  facilities  for  this,  which  should  be  worked, 
not  in  the  direction  of  constituting  new  species  for  every  slightly 
divergent  form,  but  in  striving  to  group  these  forms  into  large  spe- 
cific types.  The  Rhynchonellae  of  the  type  of  R.  plena,  the  Orthids 
of  the  tj'pe  of  0.  testudinaria,  the  Strophomenae  of  the  types 
of  S.  alternata  and  S.  rhomhoidalis,  the  Atryp»  of  the  type  of  A, 
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reticularis^  flimish  cases  in  point  among  the  Biiaehiopods.  There 
is  nothing  to  preclude  the  supposition  that  some  of  these  groups 
are  really  specific  types,  with  numerous  race  modifications.  My 
own  provisional  conclusion,  based  on  the  study  of  Palaeozoic  plants, 
is  that  the  general  law  will  be  found  to  be  the  existence  of  distinct 
specific  types,  independent  of  each  other,  but  liable  in  geological 
time  to  a  great  many  modifications,  which  have  often  been  re- 
garded as  distinct  species. 

While  this  unity  of  successive  .faunae  at  first  sight  presents  an 
appearance  of  hereditary  succession,  it  loses  much  of  this  char- 
acter when  we  consider  the  number  of  new  types  introduced  with- 
out apparent  predecessors,  the  necessity  that  there  should  be  simi- 
larity of  type  in  successive  faunae  on  any  hypothesis  of  a  contin- 
uous plan ;  and  above  all,  the  fact  that  the  recurrence  of  repre- 
sentative species  or  races  in  large  proportion  marks  times  of 
decadence  rather  than  of  expansion  in  the  types  to  which  they 
belong.  To  turn  to  another  period,  this  is  very  manifest  in  that 
singular  resemblance  which  obtains  between  the  modern  mammals 
of  South  America  and  Australia,  and  their  immediate  fossil  prede- 
cessors— the  phenomenon  being  here  manifestly  that  of  decadence 
of  large  and  abundant  species  into  a  few  depauperated  represent- 
atives. This  will  be  found  to  be  a  very  general  law,  elevation 
being  accompanied  by  the  abrupt  appearance  of  new  types  and 
decadence  by  the  apparent  continuation  of  old  species,  or  modifi- 
cations of  them. 

This  resemblance  with  difference  in  successive  faunas  also  con- 
nects itself  very  directly  with  the  successive  elevations  and  de- 
pressions of  our  continental  plateaus  in  geological  time.  Every 
great  Palaeozoic  limestone,  for  example,  indicates  a  depression 
with  succeeding  elevation.  On  each  elevation  marine  animals 
were  driven  back  into  the  ocean,  and  on  each  depression  swarmed 
in  over  the  land,  reinforced  by  new  species,  either  then  introduced 
or  derived  by  migration  from  other  localities.  In  like  manner  on 
every  depression,  land  plants  and  animals  were  driven  in  upon 
insular  areas,  and  on  reelevation  again  spread  themselves  widely. 
Now  I  think  it  will  be  found  to  be  a  law  here  that  periods  of  ex- 
pansion were  eminently  those  of  introduction  of  new  specific 
types,  and  periods  of  contraction  those  of  extinction,  and  also  of 
continuance  of  old  types  under  new  varietal  forms. 

It  must  also  be  borne  in  mind  that  all  the  leading  types  of  in- 
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vertebrate  life  were  early  introduced,  that  chaDge  within  these  was 
necessarily  limited,  and  that  elevation  could  take  place  mainly 
by  the  introduction  of  the  vertebrate  orders.  So  in  plants,  Cryp- 
togams early  attained  their  maximum  as  well  as  Gymnosperms, 
and  elevation  occurred  in  the  introduction  of  Phaenogams,  and 
this  not  piecemeal,  but  as  we  shall  see  in  the  sequel,  in  great  force 
at  once. 

Another  allied  fact  is  the  simultaneous  appearance  of  like  types 
of  life  in  one  and  the  same  geological  period,  over  widely  separ- 
ated regions  of  the  earth's  surface.  This  strikes  us  especially  in 
the  comparatively  simple  and  homogeneous  life-dynasties  of  the 
Palaeozoic,  when  for  example  we  find  the  same  types  of  Silurian 
Graptolites,  Trilobites  and  Brachiopods  appearing  simultaneously 
in  Australia,  America  and  Europe.  Perhaps  in  no  department  is 
it  more  impressive  than  in  the  introduction  in  the  Devonian  and 
Carboniferous  Ages  of  that  grand  cryptogamous  and  gymnosper- 
mous  flora  which  ranges  from  Brazil  to  Spitzbergen,  and  from  Aus- 
tralia to  Scotland,  accompanied  in  all  by  the  same  groups  of  ma- 
rine invertebrates.  Such  facts  may  depend  either  on  that  long 
life  of  specific  types  which  gives  them  ample  time  to  spread  to  all 
possible  habitats,  before  their  extinction,  or  on  some  general  law 
whereby  the  conditions  suitable  to  similar  t3^pes  of  life  emerge  at 
one  time  in  all  parts  of  the  world.  Both  causes  may  be  influen- 
tial, as  the  one  does  not  exclude  the  other,  and  there  is  reason  to 
believe  that  both  are  natural  facts.  Should  it  be  ultimately 
proved  that  species  allied  and  representative,  but  distinct  in  origin, 
come  into  being  simultaneously  everywhere,  we  shall  arrive  at  one 
of  the  laws  of  creation,  and^one  probably  connected  with  the 
gradual  change  of  the  physical  conditions  of  the  world. 

Another  general  truth,  obvious  from  the  facts  which  have  been 
already  collected,  is  the  periodicity  of  introduction  of  species. 
They  come  in  by  bursts  or  flood-tides  at  particular  points  of  time, 
while  these  great  life-waves  are  followed  and  preceded  by  times 
of  ebb  in  which  little  that  is  new  is  being  produced.  We  labor  in 
our  investigation  of  this  matter  under  the  disadvantage  that  the. 
modern  period  is  evidently  one  of  the  times  of  pause  in  the  crea- 
tive work.  Had  our  time  been  that  of  the  early  Tertiary  or  early 
Mesozoic,  our  views  as  to  the  question  of  origin  of  species  might 
have  been  very  different.  It  is  a  striking  fact,  and  in  illustration 
of  this,  that  since  the  glacial  age  no  new  species  of  mammal  can 
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be  proved  to  have  originated  on  our  continents,  while  a  great  nnm- 
•ber  of  large  and  conspicuous  forms  have  disappeared.  It  is  pos- 
sible that  the  proximate  or  secondary  causes  of  the  ebb  and  flow 
of  life  production  may  be  in  part  at  least  physical,  but  other  and 
more  important  efficient  causes  may  be  behind  these.  In  any  case 
these  undulations  in  the  history  of  life  are  in  harmony  with  much 
that  we  see  in  other  departments  of  nature. 

It  results  from  the  , above  and  the  immediately  preceding  state- 
ment, that  specific  and  generic  types  enter  on  the  stage  in  great 
force  and  gradually  taper  off  toward  extinction.  They  should  so 
appear  in  the  geological  diagrams  made  to  illustrate  the  succession 
of  life.  This  applies  even  to  those  forms  of  life  which  come  in 
with  fewest  species  and  under  the  most  humble  guise.  What  a 
remarkable  swarming,  for  example,  there  must  have  been  of  Mar- 
supial Mammals  in  the  early  Mesozoic,  and  in  the  Coal  formation 
the  only  known  Pulmonates,  four  in  number,  belong  to  as  many 
generic  types. 

I  have  already  referred  to  the  permanence  of  species  in  geolog- 
ical time.  I  may  now  place  this  in  connection  with  the  law  of 
rapid  origination  and  more  or  less  continuous  transmission  of  va- 
rietal forms.  I  may,  perhaps,  best  bring  this  before  you  in  con- 
nection with  a  group  of  species  with  which  I  am  very  familiar, 
that  which  eame  into  our  seas  at  the  beginning  of  the  Glacial 
age  and  still  exists.  With  regard  to  their  perpaanence,  it  can 
be  affirmed  that  the  shells  now  elevated  in  Wales  to  1,200,  and 
in  Canada  to  600  feet  above  the  sea,  and  which  lived  before  the 
last  great  revolution  of  our  continents,  a  period  vastly  remote  as 
compared  with  human  history,  differ  in  no  tittle  from  their  mod- 
ern successors  after  thousands  or  tens  of  thousands  of  genera- 
tions. It  can  also  be  affirmed  that  the  more  variable  species  ap- 
pear under  precisely  the  same  varietal  forms  then  as  now,  though 
these  varieties  have  changed  much  in  their  local  distribution.  The 
real  import  of  these  statements,  which  might  also  be  made  with 
regard  to  other  groups,  well  known  to  paleeontologists,  is  of  so 
great  significance  that  it  can  be  realized  only  after  we  have 
thought  of  the  vast  time  and  numerous  changes  through  which 
these  humble  creatures  have  survived.  I  may  call  in  evidence 
here  a  familiar  New  England  animal,  the  common  sand  clam,  Mya 
arenaria^  and  its  relative  Mya  truncata^  which  now  inhabit  together 
all  the  northern  seas ;  for  the  Pacific  specimens,  from  Japan  and 
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California,  though  differently  named,  are  undoubtedly  the  same. 
Mya  truncata  appears  in  Europe  in  the  Coralline  Crag,  and  was 
followed  by  M.  arenaria  in  the  Red  Crag.  Both  shells  occur  in  the 
Pleistocene  of  AAerica,  and  their  several  varietal  forms  had  al- 
ready developed  themselves  in  the  Crag,  and  remain  the  same  to- 
da}^ ;  so  that  these  humble  mollusks,  littoral  in  their  habits,  and 
subjected  to  a  great  variety  of  conditions,  have  continued  perhaps 
for  one  or  two  thousand  centuries  to  construct  their  shells  pre- 
cisely as  at  present.  Nor  are  there  any  indications  of  a  transition 
between  the  two  species.  I  might  make  similar  statements  with 
regard  to  the  Astartes,  Buccinums  and  Tellina3  of  the  drift,  and 
could  illustrate  them  by  extensive  series  of  specimens  from  my 
own  collections. 

Another  curious  illustration  is  that  presented  by  the  Tertiary 
and  modern  faunae  of  some  oceanic'  islands  far  separated  from  the 
continents.  In  Madeira  and  Porto  Santo,  for  example,  according 
to  Lyell,  we  have  fifty-six  species  of  land  shells  in  the  former,  and 
forty-two  in  the  latter,  only  twelve  being  common  to  the  two, 
though  these  islands  are  only  thirty  miles  apart.  Now  in  the  Pli- 
ocene strata  of  Madeira  and  Porto  Santo  we  find  thirty-six  species 
in  the  former,  and  thirty-five  in  the  latter,  of  which  only  eight  per 
cent,  are  extinct,  and  j'et  only  eight  are  common  to  the  two 
islands.  Further  there  seem  to  be  no  transitional  forms  connect- 
ing the  species,  and  of  yeome  of  them  the  same  varieties  existed  in 
the  Pliocene  as  now.  The  main  difference  in  time  is  the  extinc- 
tion of  some  species  and  the  introduction  of  others  without  known 
connecting  links,  and  the  fact  that  some  species,  plentiful  in  the 
Pliocene,  are  rare  now  and  vice  versa.  All  these  shells  differ  from 
those  of  modern  Europe,  but  some  of  them  are  allied  to  Miocene 
species  of  that  continent.  Here  we  have  a  case  of  continued  ex- 
istence of  the  same  forms,  and  in  circumstances  which  the  more 
we  think  of  them  the  more  do  they  defy  all  our  existing  theories 
as  to  specific  origins. 

Perhaps  some  of  the  most  remarkable  facts  in  connection  with 
the  permanence  of  varietal  forms  of  species,  are  those  furnished 
by  that  magnificent  flora  which  burst  in  all  its  majesty  on  the 
American  continent  in  the  Cretaceous  period,  and  still  survives 
among  us  even  in  some  of  its  specific  types.  I  say  survives ;  for 
we  have  but  a  remnant  of  its  form  living,  and  comparatively  little 
that  is  new  has  probably  been  added  since.  The  confusion  which 
▲.  A.  A.  s.  VOL.  xxm.    B.       (2) 
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obtains  as  to  the  age  of  this  flora,  and  the  discussions  in  which 
Newberry,  Heer,  Lesqnereux  and  recently  Mr.  G.  M.  Dawson,  have 
taken  part,  obviously  arise,  as  the  latter  has  I  think  conclusively 
shown,  from  the  fact  that  this  modern  flora  was  in  its  earlier  times 
contemporary  with  Cretaceous  animals,  and  survived  the  gradual 
change  from  the  animal  life  of  the  Cretaceous  down  to  that  of  the 
Eocene  and  even  of  the  Miocene.  In  a  collection  of  these  plants 
from  what  may  be  termed  beds  of  transition  from  the  Cretaceous 
to  the  Tertiary,  I  find  among  other  modern  species  two  recent 
ferns  most  curiously  associated.  One  is  the  common  Onodea  sen- 
sibilis,  found  now  very  widely  over  North  America,  and  which  in 
so-called  Miocene  times  lived  in  Europe  also.  The  other  is  Da- 
vallia  tenui folia  of  Eastern  Asia — a  fern  not  now  even  generically 
represented  in  North  America,  but  still  abundant  on  the  other 
side  of  the  Pacific,  These  little  ferns  are  thus  probably  older 
than  the  Rock}'  Mountains  and  the  IIimala3*as,  and  reach  back  to 
a  time  when  the  Mesozoic  Dinosaurs  were  becoming  extinct  and 
the  earliest  Placental  mammals  being  introduced.  Shall  we  say 
that  these  ferns  and  along  with  them  our  two  species  of  American 
Hazel  and  many  other  familiar  plants,  have  propagated  themselves 
unchanged  for  half  a  million  of  years  ? 

Take  from  the  western  Mesozoic  a  contrasting  yet  illustrative 
fact.  In  the  Jurassic  or  Cretaceous .  rocks  of  Queen  Charlotte's 
Island,  Mr.  Richardson,  of  the  Canadian  Survey,  finds  Ammonites 
and  allied  cephalopods  similar  in  many  respects  to  those  discov- 
ered further  south  by  your  Cali'ornia  survey,  and  Mr.  Whiteaves 
finds  that  some  of  them  are  apparently  not  distinct  from  species 
described  by  the  Paheontologists  of  the  Geological  Survey  of 
British  India.  On  both  sides  of  the  Pacific  these  shells  lie  en- 
tombed in  solid  rock,  and  the  Pacific  rolls  between  as  of  yore. 
Yet  these  species,  genera  and  €ven  families,  are  all  extinct — why, 
no  man  can  tell,  while  land  plants  that  must  have  come  in  while 
the  survivors  of  these  cephalopods  still  lived,  reach  down  to  the 
present.  How  mysterious  is  all  this,  and  how  strongly  does  it 
show  the  independence  in  some  sense  of«merely  physical  agencies 
on  the  part  of  the  manifestations  of  life. 

Such  facts  as  those  to  which  I  have  referred,  and  many  others 
which  want  of  time  prevents  me  from  noticing,  are  in  one  respect 
eminently  unsatisfactory,  for  they  show  us  how  difiScult  must  be 
any  attempts  to  explain  the  origin  and  succession  of  life.    For 


Vice  president's  address.  19 

this  reason  they  are  qaietly  put  aside  or  explained  away  in  most 
of  the  current  hypotheses  on  the  subject.  But  we  must  as  men  of 
science  face  these  difficulties,  and  be  content  to  search  for  facts 
and  laws  even  if  they  should  prove  fatal  to  preconceived  views. 

A  group  of  new  laws,  however,  here  breaks  upon  us.  (1)  The 
great  vitality  and  rapid  extension  and  variation  of  new  specific 
types.  (2)  The  law  of  spontaneous  decay  and  mortality  of  spe- 
cies in  time.  (3)  The  law  of  periodicity  and  of  simultaneous  ap^ 
pearance  of  many  allied  forms.  (4)  The  abrupt  entrance  and 
slow  decay  of  groups  of  species.  (5)  The  extremely  long  dun^ 
tion  of  some  species  in  time.  (6)  The  grand  march  of  new  forms 
landwards,  and  upwards  in  rank.  Such  general  truths  deeply  im- 
press us  at  least  with  the  conclusion  that  we  are  tracing,  not  a 
fortuitous  succession,  but  the  action  of  power  working  by  law. 

I  have  thus  far  said  nothing  of  the  bearing  of  the  prevalent 
ideas  of  descent  with  modification,  on  this  wonderful  procession  of 
life.  None  of  these  of  course  can  be  expected  to  take  us  back  to 
the  origin  of  living  beings ;  but  they  also  fail  to  explain  why  so 
Tast  numbers  of  highly  organized  species  struggle  into  existence 
simultaneously  in  one  age  and  disappear  in  another,  why  no  con- 
tinuous chain  of  succession  in  time  can  be  found  gradually-blend- 
ing species  into  each  other,  and  why  in  the  natural  succession  of 
things,  degradation  under  the  influence  of  external  conditions  and 
final  extinction  seem  to  be  laws  of  organic  existence.  It  is  use- 
less here  to  appeal  to  the  imperfection  of  the  record  or  to  the 
movements  or  migrations  of  species.  The  record  is  now  in  many 
important  parts  too  complete,  and  the  simultaneousness  of  the 
entrance  of  the  faunas  and  floras  too  certainly  established,  and 
moving  species  from  place  to  place  only  evades  the  difllculty.  The 
truth  is  that  such  hypotheses  are  at  present  premature,  and  that 
we  require  to  have  larger  collections  of  facts.  Independently  of 
this,  however,  it  appears  to  me  that  from  a  philosophical  point  of 
view  it  is  extremely  probable  tiiat  all  theories  of  evolution  as  at 
present  applied  to  life,  are  fundamentally  defective  in  being  too 
partial  in  their  character ;  and  perhaps  I  cannot  better  group  the 
remainder  of  the  facts  to  which  I  wish  to  refer  than  by  using  them 
to  illustrate  this  feature  of  most  of  our  larger  attempts  at  generali- 
zation on  this  subject. 

First,  then,  these  hypotheses  are  too  partial,  in  their  tendency 
to  refer  numerous  and  complex  phenomena  to  one  caase,  or  to  a 
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few  causes  only,  when  all  trnstworthj  analogy  would  indicate  that 
they  must  result  from  many  concurrent  forces  and  determinations 
of  force.  We  have  all  no  doubt  read  those  ingenious,  not  to  say 
amusing,  speculations  in  which  some  entomologists  and  botanists 
have  indulged  with  reference  to  the  mutual  relations  of  flowers 
and  haustellate  insects.  Geologically  the  facts  oblige  us  to  begin  <. 
with  Cryptogamous  plants  and  mandibulate  insects,  and  out  of 
the  desire  of  insects  for  non-existent  honey,  and  the  adaptations  of 
plants  to  the  requirements  of  non-existent  suctorial  apparatus,  we 
have  to  evolve  the  marvellous  complexity  of  floral  form  and  color- 
ing, and  the  exquisitely  delicate  apparatus  of  the  mouths  of  haus- 
tellate insects.  Now  when  it  is  borne  in  mind  that  this  theory 
implies  a  mental  confusion  on  our  part  precisely  similar  to  that 
which  in  the  department  of  mechanics  actuates  the  seekers  for 
perpetual  motion,  that  we  have  not  the  smallest  tittle  of  evidence 
that  the  changes  required  have  actually  occurred  in  any  one  case, 
and  that  the  thousands  of  other  structures  and  relations  of  the 
plant  and  the  insect  have  to  be  worked  out  by  a  series  of  concur- 
rent evolutions  so  complex  and  absolutely  incalculable  in  the 
aggregate,  that  the  cycles  and  epicycles  of  the  Ptolemaic  astron- 
omy were  child's  play  in  comparison,  we  need  not  wonder  that  the 
common  sense  of  mankind  revolts  against  such  fancies,  and  that 
we  are  accused  of  attempting  to  construct  the  universe  by  meth- 
ods that  would  baffle  Omnipotence  itself,  becaus3  they  are  simply- 
absurd.  In  this  aspect  of  them  indeed  such  speculations  are 
necessarily  futile,  because  no  mind  can  grasp  all  the  complexities 
of  even  any  one  case,  and  it  is  useless  to  follow  out  an  imaginary 
line  of  development  which  unexplained  facts  must  contradict  at 
every  stop.  This  is  also  no  doubt  the  reason  why  all  recent  at- 
tempts at  constructing  ^^  Phylogenies  "  are  so  changeable,  and  why 
no  two  experts  can  agree  about  almost  any  of  them. 

A  second  aspect  iu  which  such  speculations  are  too  partial,  is  in 
the  unwarranted  use  which  they  make  of  analogy.  It  is  not  un* 
UMUnl  to  And  such  analogies  as  that  between  the  embryonic  devel- 
opmont  of  the  individual  animal  and  the  succession  of  animals  in 
gi'ologioal  time  placed  on  a  level  with  that  reasoning  from  anal- 
ony  by  which  geologists  apply  modern  causes  to  explain  geological 
foi  inations.  No  claim  could  be  more  unfounded,  ^yhen  the  ge- 
olo^lHt  Htudios  ancient  limestones  built  up  of  the  remains  of  corals, 
and  then  applies  the  phenomena  of  modern  coral  reefs  to  explain 
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their  origin,  he  brings  the  latter  to  bear  on  the  former  by  an  anal- 
ogy which  includes  not  merely  the  apparent  results  but  the  causes 
at  work,  and  the  conditions  of  their  action,  and  it  is  on  this  that  the 
Talidity  of  his  comparison  depends,  in  so  far  as  it  relates  to  simi- 
lai'ity  of  mode  of  formation.  But  when  we  compare  the  develop- 
ment of  an  animal  from  an  embryo  cell  with.  the.  progress  of 
animals  in  time,  though  we  have  a  curious  analogy  as  to  the  steps 
of  the  process,  the  conditions  and  causes  at  work  are  known  to  be 
altogether  dissimilar,  and  therefore  we  have  no  evidence  whatever 
as  to  identity  of  cause,  and  our  reasoning  becomes  at  once  the 
most  transparent  of  fallacies.  Farther  we  have  no  right  here  to 
overlook  the  fact  that  the  conditions  of  the  embryo  are  determined 
by  those  of  a  previous  adult,  and  that  no  sooner  docs  this  hered- 
itary potentiality  produce  a  new  adult  animal,  than  the  terrible 
external  agencies  of  the  physical  world,  in  presence  of  which  all 
life  exists,  begin  to  tell  on  the  organism,  and  after  a  struggle  of 
longer  or  shorter  duration  it  succumbs  to  death  and  its  substance 
returns  into  inorganic  nature,  a  law  from  which  even  the  longer 
life  of  the  species  does  not  seem  to  exempt  it.  All  this  is  so  plain 
and  manifest  that  it  is  extraordinary  that  evolutionists  will  con- 
tinue to  use  such  partial  and  imperfect  arguments.  Another  illus- 
tration may  be  taken  from  that  application  of  the  doctrine  of 
natural  selection  to  explain  the  introduction  of  species  in  geologi- 
cal time,  which  is  so  elaborately  discussed  by  Sir  C.  Lyell  in  the 
last  edition  of  his  "  Principles  of  Geology."  The  great  geologist 
evidently  leans  strongly  to  the  theory,  and  claims  for  it  the  "  high- 
est degree  of  probability,"  yet  he  perceives  that  there  is  a  serious 
gap  in  it ;  since  no  modern  fact  has  ever  proved  the  origin  of  a 
new  species  by  modificatioli.  Such  a  gap,  if  it  existed  in  those 
grand  analogies  by  wmch  we  explain  geological  formations  through 
modem  causes,  would  be  admitted  to  be  fatal. 

A  third  illustration  of  the  partial  character  of  these  hjrpotheses 
may  be  taken  from  the  use  made  of  the  theory  deduced  from 
modern  physical  discoveries,  that  life  must  bft  merely  a  product  of 
the  continuous  operation  of  physical  laws.  The  assumption,  for 
it  is  nothing  more,  that  the  phenomena  of  life  are  produced  merely 
by  some  arrangement  of  physical  forces,  even  if  it  be  admitted  to 
be  true,  gives  only  a  partial  explanation  of  the  possible  origin  of 
life.  It  does  not  account  for  the  fact  that  life  as  a  force  or  com- 
bination of  forces  is  set  in  antagonism  to  all  other  forces.    It 
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does  not  account  for  the  marvellous  connection  of  life  witb  or- 
ganization. It  does  not  account  for  the  determination  and  ar- 
rangement of  forces  implied  in  life.  A  very  simple  illustration 
may  make  this  plain.  If  the  problem  to  be  solved  were  the  origin 
of  the  mariner*s  compass,  one  might  assert  that  it  is  wholly  a 
ph\'sical  arrangement  both  as  to  matter  and  force.  Another 
might  assert  that  it  involves  mind  and  intelligence  in  addition. 
In  some  sense  both  would  be  right.  The  properties  of  magnetic 
force  and  of  iron  or  steel  are  purely  phj'sicul,  and  it  might  even 
be  within  the  bounds  of  possibility  that  somewhere  in  the  uni- 
verse a  mass^of  natural  loadstone  may  have  been  so  balanced 
as  to  swing  in  harmony  with  the  earth's  magnetism.  Yet  we 
would  surely  be  regarded  as  very  credulous  if  we  could  be  induced 
to  believe  that  the  mariner's  compass  has  originated  in  that  way. 
This  argument  applies  with  a  thousand  fold  greater  force  to  the 
origin  of  life,  which  involves  even  in  its  simplest  forms  so  many 
more  adjustments  of  force  and  so  much  more  complex  machinery. 
Fourthly,  these  hypotheses  are  partial,  inasmuch  as  the}'  fail  to 
account  for  the  vastly  varied  and  correlated  interdependencies  of 
natural  things  and  forces,  and  for  the  unity  of  plan  which  per- 
vades the  whole.  These  can  be  explained  only  by  taking  into  the 
account  another  element  from  without.  Even  when  it  professes 
to  admit  the  existence  of  a  God,  the  evolutionist  reasoning  of  our 
day  contents  itself  altogether  with  the  physical  or  visible  universe, 
and  leaves  entirely'  out  of  sight  the  power  of  the  unseen  and 
spiritual,  as  if  this  were  something  with  which  science  has  nothing 
to  do,  but  which  belongs  only  to  imagihaiion  or  sentiment.  So 
much  has  this  been  the  case,  that  when  recently  a  few  physicists 
and  naturalists  have  turned  to  this  aspect  of  the  case,  they  have 
seemed  to  be  teaching  new  and  -startling  truths,  though  only  re- 
viving some  of  the  oldest  and  most  permanent  ideas. of  our  race. 
From  the  dawn  of  human  thought,  it  has  been  the  conclusion  alike 
of  philosophers,  theologians  and  the  commou  sense  of  mankind, 
that  the  seen  can  be*  explained  only  by  reference  to  the  unseen, 
and  that  any  merely  physical  theory  of  the  world  is  necessarily 
partial.  This,  too,  is  the  position  of  our  sacred  Scriptures,  and 
is  broadly  stated  in  their  opening  verse,  and  indeed  it  Hies. alike  at 
the  basis  of  all  true  religion  and  all  sound  philosophy,  for  it  must 
necessarily  be  that  *Hhe  .things  that  are  seen  are  temporal,  the 
things  that  are  unseep,  eternal."    With  reference  t6. the  primal 
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aggregation  of.  energy  in  the  visible  universe,  with  reference  to 
the  introduction  of  life,  with  reference  to  the  son-l  of  man,  with 
reference  to  the  heavenly  gifts  of  "genius  and  prophec3%  with  ref- 
erence to  the  introduction  of  the  Saviour  himself  into  the  world, 
and  with  reference  to  the  spiritual  gifts  and  graces  of  God's  peo- 
ple, all  these  spring  not  from  sporadic  Qcts  of  intervention,  but 
from  the  continuous  action  of  God  and  the  unseen  world,  and  this 
we  must  never  forget  is  the  true  ideal  of  creation  in  Scripture  and 
in  sound  theolpgy.  Only  in  such  exceptional  and  little  influential 
philosophies  as  that  of  Democritus,  and  in  the  speculations  of  a 
few  men  carried  off  their  balance  by  the  brilliant  physical  disco v- 
'  eries  of  our  age,  has  this  necessarily  partial  and  imperfect  view 
been  adopted.  Never  indeed  was  its  imperfection  more  clear  than 
in  the  light  of  modern  science. 

Geology,  by  tracing  back  all  present  things  to  their  origin,  was 
the  first  science  to  establish  on  a  basis  of  observed  facts  the  ne- 
cessity of  a  beginning  and  end  of  the  world.  But  even  physical 
science  now  teaches  us  that  the  visible  universe  is  a  vast  machine 
for  the  dissipation  of  energy ;  that  the  processes  going  on  in  it 
must  have  had  a  beginning  in  time,  and  that  all  things  tend  to  a 
final  and  helpless  equilibrium.  This  necessity  implies  an  unseen 
power,  an  invisible  universe,  in  which  the  visible  universe  must 
have  originated  and  to  which  its  energy  is  ever  returning.  The 
hiatus  between  the  seen  and  the  unseen  may  be  bridged  over  by 
the  conceptions  of  atomic  vortices  of  force,  and  by  the  universal 
and  continuous  ether;  but. whether  or  not,  it  has  become  clear 
that  the  conception  of  the  unseen  as  existing  has  become  neces- 
sary to  our  belief  in  the  possible  existence  of  the  phj'sical  universe 
itself,  even  without  taking  life  into  the  account. 

It  is  in  the  domain  of  life,  however,  that  this  necessity  becomes 
most  apparent ;  and  it  i*s  in  the  plant  that  we  first  clearly  perceive ' 
a  visible  testimony  to  that  unseen  which  is  the  counterpart  of  the 
seen.  Life  in  the  plant  opposes  the  outward  rush  of  force  in  our 
system,  arrests  a  part  <if  it  on  its  way,  fixes  it  as  potential  encFgy, 
and  thus,  forming  a  mere  eddy,  so  to  speak,  in  the  process  of  dis* 
sipation  of  energy,  it  accumulates  that  on  which  animal  life  and 
man  himself  may  subsist,  and  assert  for  a  time  supremac}'  over  the. 
seen  and  temporal  on  behalf  of  the  unseen- and  eternal.  I  say, 
for  a  time,  because  life  is,  in  the  visible  universe,  as  at  present 
constituted,  but  a  temporary  ex<*eption,  introduced  from  thatun- 
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seen  world  where  it  is  no  longer  the  exception  bat  the  eternal 
rule.  In  a  still  higher  sense  then  than  that  in  which  matter  and 
force  testify  to  a  Creator,  organization  and  life,  whether  in  the 
plant,  the  animal  or  man,  bear  the  same  testimony,  and  exist  as 
outposts  put  forth  in  the  succession  of  ages  from  that  higher 
heaven  that  surrounds  the  visible  universe.  In  them,  too,  Al- 
mighty power  is  no  doubt  conditioned  or  limited  by  law,  yet  they 
bear  more  distinctly  upon  them  the  impress  of  their  Maker,  and, 
while  all  explanations  of  the  physical  universe  which  refuse  to 
recognise  its  spiritual  and  unseen  origin,  must  necessarily  be  par- 
tial and  in  the  end  incomprehensible,  this  destiny  falls  more 
quicklj'  and  surely  on  the  attempt  to  account  for  life  and  its  sao- 
ccssion  on  merely  materialistic  principles. 

Here,  again,  however  I  must  remind  3'ou  that  creation,  as  main- 
tained against  such  materialistic  evolijtion,  whether  by  theology, 
philosoph}*  or  Holy  Scripture,  is  necessarily  a  continuous,  nay,  an 
eternal  influence,  not  an  intervention  of  disconnected  acts.  It  is 
the  true  continuity  which  includes  and  binds  together  all  other 
continuity. 

It  is  here  that  natural  science  meets  with  theology,  not  as  an 
antagonist,  but  as  a  friend  and  ally  in  its  time  of  greatest  need ; 
and  I  must  here  record  my  belief  that  neither  men  of  science  nor 
theologians  have  a  right  to  separate  what  God  in  Holy  Scripture 
has  joined  together,  or  to  build  up  a  wall  between  nature  and  re- 
ligion, and  write  upon  it  "  no  thoroughfare."  The  science  that 
does  this  must  be  impotent  to  explain  nature  and  without  hold  on 
the  higher  #ntiments  of  man.  The  theology  that  does  this  must 
sink  into  mere  superstition. 

In  conclusion,  can  we  formulate  a  few  of  the  general  laws,  or 
perhaps  I  had  better  call  them  the  general  conclusions  respecting 
life,  in  which  all  Palaeontologists  may  agree.  Perhaps  it  is  not 
possible  to  do  this  at  present  satisfactorily,  but  the  attempt  may 
do  no  harm.  We  may,  then,  I  think,  make  the  following  affirma- 
tions : —  • 

1.  The  existence  of  life  and  organization  on  the  earth  is  not 
eternal,  or  even  coeval  with  the  beginning  of  the  physical  universe, 
but  may  possibly  date  froih  Laurentian  or  immediately  pre-Lau- 
rentian  times. 

2.  The  introduction  of  new  species  of  animals  and  plants  has 
been  a  continuous  process,  not  necessarily  in  the  sense  of  deriva- 
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tlon  of  one  species  from  another,  bat  in  the  higher  sense  of  the 
continued  operation  of  the  cause  or  causes  which  introduced  life 
at  first.  This,  as  already  stated,  I  take  to  be  the  true  theological 
or  Scriptural  as  well  as  scientific  idea  of  what  we  ordinarily  and 
somewhat  loosely  term  creation. 

3.  Though  thus  continuous,  the  process  has  not  been  uniform ; 
but  periods  of  rapid  production  of  species  have  alternated  with 
others  in  which  many  disappeared  and  few  were  introduced.  This 
may  have  been  an  effect  of  physical  cycles  reacting  on  the  pro- 
gress of  life. 

4.  Species  like  individuals  have,  greater  energy  and  vitality  in 
their  younger  stages,  and  rapidly  assume  all  their  varietal  forms, 
and  extend  themselves  as  widely  as  external  circumstances  will 
permit.  Like  individuals  also,  they  have  their  periods  of  old  age 
and  decay,  though  the  life  of  some  species  has  been  of  enormous 
duration  in  comparison  with  that  of  others ;  the  difference  appear- 
ing to  be  connected  with  degrees  of  adaptation  to  different  condi- 
tions of  life. 

5.  Many  aHied  species,  constituting  groups  of  animals  and 
plants,  have  made  their  appearance  at  once  in  various  parts  of  the 
earth,  and  these  groups  have  obeyed  the  same  laws  with  the  indi- 
vidual and  the  species  in  culminating  rapidly,  and  then  slowly 
diminishing,  though  a  large  group  once  introduced  has  rai*ely  dis- 
appeared altogether. 

6.  Groups  of  species,  as  genera  and  orders,  do  not  usually  begin 
with  their  highest  or  lowest  forms,  but  with  intermediate  and  gen- 
eralized types,  and  they  show  a  capacity  for  bpth  elevation  and 
degradation  in  their  subsequent  history. 

7.  The  history  of  life  presents  a  progress  from  the  lower  to  the 
higher,  and  from  the  simpler  to  the  more  complex,  and  from  the 
more  generalized  to  the  more  specialized.  In  this  progress  new 
types  are  introduced  and  take  the  place  of  the  older  ones,  which 
sink  to  a  relatively  subordinate  place  and  become  thus  degraded. 
But  the  physical  and  organic  changes  have  been  so  correlated  and 
adjusted  that  life  has  not  only  alwa3's  maintained  its  existence, 
but  has  been  enabled  to  assume  more  complex  forms,  and  that 
older  forms  have  been  made  to  prepare  the  way  for  newer,  so  that 
there  has  been  on  the  whole  a  steady  elevation  culminating  in 
man  himself.  Elevation  and  specialization  have,  however,  been 
secured  at  the  expense  of  vital  energy  and  range  of  adaptation, 
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until  the  new  element  of  a  rational  and  inventivo  nature  was  in- 
troduced in  the  case  of  man. 

9.  In  regard  to  the  larger  and  more  distinct  types,  we  cannot 
find  evidence  that  they  have,  in  their  introduction,  been  preceded 
by  similar  forms  connecting  them  with  previous  groups ;  but  there 
is  reason  to  believe  that  many  supposed  representative  species  in 
successive  formations  are  really  only  races  or  varieties. 

10.  In  so  far  as  we  can  trace  their  history,  specific  types  are 
permanent  in  their  characters  from  their  introduction  to  their  ex- 
tinction, and  their  earlier  varietal  forays  are  similar  to  their  later 
ones. 

11.  Palaeontology  furnishes  no  direct  evidence,  perhaps  never 
can  furnish  an}',  as  to  the  actual  transf()rmation  of  one  species 
into  another,  or  as  to  the  actual  circumstances  of  creation  of  a 
species,  but  the  drift  of  its  testimony  is  to  show  that  species  come 
in  per  saitumy  rather  than  by  any  slow  and  gradual  process. . 

12.  The  origin  and  history  of  life  cannot,  any  more  than  the 
origin  and  determination  of  matter  and  force,  be  explained  on 
purely  material  grounds,  but  involve  the  consideration  of  power 
referable  to  the  unseen  and  spiritual  world. 

Different  minds  may  state  these  principles  in  different  ways,  but 
I  believe  that  in  so  far  as  palaeontology  is  concerned,  in  substance 
they  must  hold  good,*  at  least  as  steps  to  higher  truths.  And  now 
allow  me  to  say  that  we  should  be  thankful  that  it  is  given  to  us 
to  deal  with  so  great  questions,  and  that  in  doing  so,  deep  humil- 
ity, earnest  seeking  for  truth,  patient  collection  of  all  facts,  self- 
denying  abstinence  fi*om  hasty  generalizations,  forbearance  and 
generous  estimation  with  regard  to  our  fellow-laborers,  and  reli- 
ance on  that  divine  Spirit  which  has  breathed  into  us  our  intelli- 
gent life,  and  is  the  source  of  all  true  wisdom,  are  the  qualities 
which  best  become  us.  While  thanking  ^'^ou  for  the  honor  which 
you  have  done  me  in  inviting  me  to  deliver  this  address,  and  in 
conveying  to  you  the  kindly  regards  and  good  wishes  of  all  your 
fellow- workers  in  the  Canadian  Dominion,  allow  me  to  express  the 
fervent  hope  that  we  all  may  be  one  in  our  patient  and  earnest 
search  for  the  truth. 
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Rectification   op   the   Geological    Map   op    Michigan.     By 
Alexander  Winchell,  of  Syracuse,  N.  Y. 

The  determination  of  the  detailed  geology  of  the  Lower  Penin- 
sula of  Michigan,  is  a  work  of  extreme  difficulty.  It  is  a  work 
which  will  probably  never  be  accomplished,  though  the  excava- 
tions which  usual]}'  accompany  the  progress  of  settlement  and 
civilization,  will  gradually  add  to  the  stock  of  data,  and  result  in 
a  slow  approximation  toward  a  complete  solution  of  the  geological 
problem.  Most  of  the  Peninsula  is  buried  beneath  a  heavy  mantle 
of  drift.^  Only  small  f)ortions  of  its  Shores  exhibit  the  usual  number 
of  rock-exposures.  These  are  found  along  the  south  shore  of  Little 
Traverse  Bay,  and  extending  into  the  mouth  of  Grand  Traverse 
B^ ;  along  a  portion  of  the  borders  of  Huron  County,  east  and 
west  of  Point  aux  Barques ;  along  the  borders  of  Alpena  and 
Presque  Isle  Counties  on  Lake  Huron,  and  along  the  western  ex- 
tremity of  Lake  Erie.  The  only  districts  in  the  interior  which 
furnish  anything  like  adequate  outcrops,  are  in  the  counties  of 
Alpena,  Alcona,  Emmet,  Charlevoix,  Leelanaw,  Kent,  Calhoun, 
Branch,  Hillsdale,  Lenawee,  Monroe,  Jackson,  Eaton,  Genesee, 
Sanilac,  Huron,  Tuscola  and  Iosco. 

On  the  contrary,  the  shore  of  Lake  Michigan  exhibits  no  out- 
crop of  strata  older  than  the  drift,  along  the  whole  eastern  border 
from  New  Buffalo  to  Grand  Traverse  Bay,  and  from  Little  Trav- 
erse Bay  to  Mackinac.  There  is  no  rock  in  place  from  Thunder 
Bay  to  and  around  Saginaw  Bay  to  Point  aux  Barques,  save  at 
Alabaster  and  Point  au  Gres ;  nor  is  there  an  outcrop  from  Huron 
County  to  the  mouth  of  the  Detroit  River.  In  the  interior  no  out- 
crop exists  along  the  Grand  Rapids  and  Indiana  Railroad  between 
Kent  County  and  Little  Traverse  Bay.  None  exists  along  the 
Flint  and  Pere  Marquette  Road  from  Saginaw  City  to  Ludington ; 
none  on  the  Detroit  and  Bay  City  Road ;  none  on  the  Grand  Trunk 
Road;  none  on  t  e  Detroit  and  Milwaukie,  between  Detro  t  and 
Corunna ;  none  on  the  Jackson,  Lansing  and- Saginaw  Road,  save 
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at  Owasso,  between  Jackson  and  the  Straits  of  Mackinac.  Simi- 
lar statements  are  true  of  most  of  the  railroads  of  the  Peninsula. 
There  is  no  other  state  east  of  the  Mississippi,  whose  geological 
study  has  been  so  little  aided  by  railway  excavations.  In  the 
whole  Peninsula  there  are  thirty  counties  in  which  no  exposure  of 
stratified  rocks  is  to  be  found.  There  are  fifteen  counties  afford- 
ing feeble  exposures  and  twenty  counties  containing  good  'expo- 
sures, though  in  eight  of  them  the  outcrops  are  limited  to  a  single 
spot. 

The  following  is  a  list  of  the  counties : 

Without  any  outcrop  whatever: — Berrien ,i  Cass,  Allegan, ^  Oak- 
land, Macomb,  Lapeer,  Gratiot,  Montcalm,  Newaygo,  Mecosta, 
Isabella,  Midland,  Gladwin,^  Clare,  Osceola,  Lake,  Mason,  Manis- 
tee, Wexford,  Missaukee,  Roscommon,^  Ogemaw,  Crawford,  Kal- 
kaska, Benzie,  Otsego,  Montmorency,  Emmet. 

With  very  obscure  outcrops: — St.  Joseph,  Branch,  Van  Buren, 
Kalamazoo,  Barry,  Ingham,  Livingston,  Clinftn,  Sanilac,  Tuscola, 
Saginaw,  Oceana,  Grand  Traverse,  Antrim,  Cheboygan. 

With  good  or  fair  outcrops: — Hillsdale,  Lenawee,  Monroe,  Cal- 
houn, Jackson,  Washtenaw,  Wayne,  Eaton,  Ottawa,  Kent,  Ionia, 
Shiawassee,  Genesee,  Huron,  Iosco,  Alcona,  Leclanaw,  Charlevoix, 
Alpena,  Presque  Isle. 

In  the  western  and  central  portion  of  the  Peninsula,  bounded 
west  by  Lake  Michigan,  south  by  the  Detroit  and  Milwaukie  Rail- 
way, east  by  the  meridian  of  East  Saginaw,  and  north  by  the  line 
stretching  from  Grand  Traverse  Bay  to  Thunder  Bay,  there  is  not 
a  single  outcrop  known,  save  certain  indications  in  Oceana  County 
to  which  I  shall  proceed  to  refer.  The  whole  extent  of  this  com- 
pletely rockless  area  is  not  less  than  17,000  square  miles,  and 
covers  half  the  area  of  the  Lower  Peninsula. 

1  At  yarions  points  in  Berrien,  Allegan  and  Van  Baren  counties  the  superficial 
materials  are  cemented  on  an  extensive  scale,  presenting  the  appearance  of  ledges  of 
sandstone  and  conglomerate;  and  in  all  parts  of  the  state  beds  of  traveitia  are  often 
mistaken  for  limeAtoncs  in  place. 

'Ir^  W.  La  Munyon  has  given  me  localities  of  outcrops  as  follows  >—Oladvin  County^ 
ftom  centre  of  T.  17  N.,  1  W.,  to  section  18,  T.  18  N.,  1  E.,  sandstone ;  section  23,  T.  19 
Nm  1  W,  limestone;  sections  8  and  17,  T.  20  X.,  1  W.,  and  sections  13  and  14,  T.  20  N.,  2 
W.,  also  20  N.,  8  W.,  beds  of  Michigan  Salt  Group.  Xotcommon  County,  T.  21  N.,  1  W., 
strata  of  Michigan  Salt  Group.  He  says  the  outcrops  continue  in  the  small  streams, 
weU  up  to  the  bead  of  Sugar  Creek,  a  branch  of  the  Tittabawassee.  He  estimates  its 
thickness  at  202  ftet.  Mr.  La  Mnnyon's  autliorlty  is  weakened  by  his  statement  on 
another  occasion,  that  an  outcrop  a  mile  long  occurs  In  the  southwestern  part  of  Osceola 
County,  near  the  Muskegon  River.  I  have  been  through  the  region  without  finding  any 
trace  of  an  outcrop. 
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The  bed  of  drift,  as  will  be  inferred,  attains  generally,  a  very 
considerable  thickness.  This  is  illustrated  by  the  following  table 
of  localities  well  distributed  over  the  Peninsula. 

LOCALITY.  FEBT.  r 

Ann  Arbor,  Main  st.,       ........  164 

Detroit, 130 

W^'andotte,  Wayne  Co., 75 

Toledo,  Ohio, 115 

Ida,  Monroe  Co., 50 

Hudson,  Lenawee  Co., 60 

Jackson,  two  miles  S.  of  the  city,      ....  80 

Newport  (Marine  City),  St.  Clair  Co.,        .     .  188 

Hadley,  Lapeer  Co.,         200 

Mason,  Ingham  Co., 45 

Lansing,  Lansing  House, 55 

Lansing,   State  Industrial  School,    fifty  feet 

higher  than  the  city, 101 

Laingsburgh,  Shiawassee  Co.,  forty-three  feet 

below  Lansing,        91 

Bennington,  Shiawassee  Co., 47 

St.  John's,  Clinton  Co.,        over  200 

Grand  Haven,  Ottawa  Co.,       ....    over  195     • 

East  Saginaw,         92 

Bay  City, 86 

Portsmouth,  Bay  Co., 107  to  125 

St.  Louis,  Gratiot  Co., 192 

•    Muskegon 220 

Greenville,  Montcalm  Co.,        1     .     .     .    over  70 

Manistee, over  101 

Hart,  Oceana  Co.  (six  miles  South  of),  a  well  160 

Provemont,  Leelanaw  Co., 310 

South  shore  of  Little  Traverse  Bay  x  To  level  200 

Clay  Banks,  Oceana  Co.,       .     .     .  >  of  Lake  275 

Sleeping  Bear,  Benzie  Co.,    .     .     .  /  Michigan  300 

Sliding  Bank,  Presque  Isle  Co., 77 

In  numberless  localities,  the  hills  of  drift  material  are  seen 
rising  100,  200  and  300  feet  above  the  intervening  valleys.  Ex- 
amples may  be  seen  in  Leelanaw  and  Washtenaw  counties.  Most 
of  the  larger  streams  have  formed  cuts  exposing  cliffs  of  uncon- 
solidated materials  from  100  to  400  feet.    This  is  especially  the 
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case  with  the  Sable  (T.  26  N.,  5  E. ;  25  N.,  5  E. ;  24  N.,  5  E. ; 
24  N.,  6  E.;),  the  Manistee  (T.  24  N.,  9  W. ;  22  N.,  13  W. ; 
22  N.,  15  W.),  and  the  Muskegon. 

In  constitution,  these  beds  of  superficial  materials  are  predomi- 
nantl}'  sandy  above  and  argillaceous  below,  with  a  ver}'  constant  bed 
of  sand  or  pebbles  at  bottom.  Over  considerable  areas  the  more 
arenaceous  portions  are  absent ;  while  in  other  districts  they  attain 
a  depth  of  sixty,  eight}'  or  more  feet,  without  much  admixture  of 
clay ;  though  frequently  thin  sheets  of  clay  are  found  irregularly 
disposed.  Few  northern  boulders  are  disseminated  through  the 
sands,  while  they  are  generally  abundant  in  the  underlying  claj^s. 
The  higher  portion  of  the  clays,  however,  contains  the  largest 
number  of  boulders.  These  upper  boulder  clays  are  unstratified. 
The  materials  are  spread  out  in  irregular  sheets  conformable  to 
*  the  underlying  surface,  like  a  bed  of  lava  poured  over  a  surface 
of  schists.  Below  these  we  find,  somewhat  generally,  a  deposit 
of  fine,  horizontally  stratified  clays  containing  only  well-worn 
northern  pebbles,  up  to  half  an  inch  in  diameter,  and  quite  fre- 
quently, almost  wholly  destitute  of  all  pebbles.  This  evenly  and 
horizontally  stratified  condition  of  the  lower  argillaceous  drift 
materials,  is  most  conspicuously'  noticed  along  the  lake  shores, 
as  st  the  Claybanks  in  Oceana  County,  ami  at  Sleeping  Bear,  in 
Benzie  County.  It  is  a  mistake,  however,  to  suppose  them  re- 
stricted to  these  situations ;  as  I  have  observed  them  generally 
throughout  the  interior  of  the  Peninsula,  wherever  excavations 
have  reached  the  lower  sheets  of  the  formation.  I  would  cite  a 
fine  bed  of  this  kind  at  Reed  City,  420  feet  above  Lake  Michigan, 
and  another  at  Evart,  in  0.^ceola  County  ;  a  similar  one  at  Hart 
and  eastward  from  there  in  Oceana  County,  and  other  examples  in 
section  3,  T.  22  N.,  13  W.  on  the  Manistee  River,  and  thence  to 
the  mouth  of  the  Pine  River,  and  up  the  Pine.  In  a  well  bored  at 
Proveraont,  in  Leelanaw  County,  the  stratified  clay  was  135  feet 
thick.  At  Ann  Arbor  it  was  thirty-three  feet.  This  clay,  however, 
is  not  everywhere  present.  The  rocky  strata  when  near  the  surface 
are  sometimes  covered  only  by  the  unstratified  clays,  or  by  these 
and  the  superficial  sands.  Even  when  deeply  buried,  the  unstrati- 
fied, boulder-bearing  clays  seem  sometimes,  as  at  Ann  Arbor, 
to  attain  a  thickness  of  fifty  to  eighty  feet.  The  upper  clays, 
and  often  some  beds  of  the  lower,  afford  bricks  of  a  red  color ; 
but  the  finely  stratified  clays  afford,  veiy  commonly,  the  light  col- 
ored bricks  so  well  known  as  "  Milwaukie  bricks."    These  are  of 
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a  very  pale  lemon  color.  In  many  situations,  however,  the  clays 
of  which  I  speak  produce  a  brick  almost  white.  I  would  cite  the 
bricks  manufactured  at  and  near  Fruitport,  Muskegon  County, 
and  at  Reed  City,  Osceola  County. 

The  constancy  and  thickness  of  the  bottom  bed  of  sand  and 
pebbles  will  be  illustrated  by  the  following  .fifteen  examples  of 
artesian  borings  in  different  parts  of  the  state  and  its  borders. 


At 

Thick- 

At 

Tljlck- 

depth  of 

ness, 

depth  of 

uesB, 

It. 

«t. 

ft. 

ft. 

Hudson,  Lenawee  Co. 

Spring  XaA'e,T)ttawa  Co. 

0 

50    Clay. 

48 

48    Blue  clay. 
20    Brown  clay. 

60 

5   Coarse  gravel. 

m 

65 

5    Sand. 

116 

62    Blue  city. 

60 

13    Blue  clay,  boulders. 

168 

12    Gravel,  water. 

73 

Gravel. 

180 

20    Saudrock. 

Ida.,  Monroe  Co. 

Muskegon. 
60    Sand. 

0 

46    Ha  I'd  clay. 

0 

in 

4   Coarse  gravel. 

60 

3    Clay. 

60 

Limcetone. 

63 

10    Clay  and  pand. 

Lansing  (Lansing  House). 

63 
210 

147    Clay  frttratirted]. 

10     GRAVEL  AND  BOULDERS. 

0 

4    Sand. 

220 

68    baudstune.    . 

4 
14 

10    Light  blue  clay. 
4    Sand  and  clay. 

Manistee. 

18 

37     »AND  AND  GRAVEL. 

0 

7    Clay. 

65 

7    Saiidrock. 

7 

23    White  sand. 

80 

4in.  Harditan. 

12    Gravel,  sand  and  clay. 

-*■ 

Lansing  (Industrial  School). 

80 

0 

86    Clay  and  gravel. 

42 

18    Sand  and  gravel. 

86 

5    8and  and  gravel. 

60 

87     GRAVEL  AND  SAND. 

41 

4    Sandy  hard  pan. 
89    *'  Lake  sand  "  and  gravel. 

97 

4    Gravel.  WATER.          fed. 

45 

101 

Uock  nut  pobitively  reach- 

84 

16    Clay,  sand  and  ukavkl. 

^&M          *•            ^^3—            ^"^ --i            A.       rf^   ._ 

100 

1     '  •  L A  K  E  9AND ''  &  GRAVEL. 

St  Louis,  Gratiot  Co. 

101 

154    Sand  ruck. 

0 
40 

70 

40    Clay,  gravel  and  boulders. 
80    Blue  clay. 
13    ••  Fire  clay." 

BenningtoUt  Shiawassee  Co. 

0 

20    Sand.  • 

81 

89    Sand  and  gravel.    .     [clav. 
15    Bluish,     indurated,     bhaly 

20 

10    White  clay. 

122 

80 

10    Blue  (lav. 

137 

65     SAND  AND  GRAVEL. 

40 

7    Clay  «nd  gravel. 

1H2 

8    J'KHBLKS,  water.  '          [ed. 

47 

f,     rKr»BLK8  AND  FRAGMENTS. 

200 

Kock  not  positively  reach- 

52 

10    Hall  saiulrock. 

Provemont,  Leelanaw  Co. 

Laingsburgy  Shiawassee  Co. 

0 

146 '  Sand,  gravel  and  boulders. 

0 

45    Chiy. 

146 

135    Pure  clay. 

45 

AH     GRAVEL. 

2i<l 

25    Clay  ami  sand. 

91 

15    Limuhione. 

30t{ 

1   Boulders. 

307 

5    Artksian  water,  oil,  bi- 

Mason,  Ingham  Co. 

tundiiuus  uialiers. 

0 

7    Sind  and  gravel. 

812 

Limeulone. 

7 
20 

l.J    Brirkrlay. 
4    lied  v]'.\y  and  boulders. 

JTvUand,  Northern  Ohio. 

24 

21    niiie  clay. 
Saudrock. 

0 

C8    Clay. 

45     . 

98 

2    Coarse  GRAVEL. 

^^          * 

Grand  Jiqpids  (State  Salt 

100 

Slate  rock. 

Well). 

Bryan,  Northern  Ohio. 

0 

2?    AlluviaL 

0 

40    Blue  clay. 

6    Clav. 

40 

6    Hard  i)uulders.  . 

82 

GRAVEL  AND  SAXD.             > 

46 

36i  Hard  boultler  clay. 

40 

Clay,  gyp^Uln,  etc. 

8U 

5    *•  Gray  rock." 

86 

15    *'  Slate  ro.k." 

Spring  Lake,  Ottawa  Co. 

101 

4  "  White  flint." 

0 

13    Sand. 

1(12 

6   Coarse  sand. 

13 
43 

80    Biu«clay. 
6    bandy  liardpan. 

107 

Solid  rock. 

/  • 
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Of  the  boulders  disseminated  through  the  Drift  deposits,  by  far 
the  largert  proportion — probably  nine  teen-twentieths — are  derived 
from  tlie  silicious,  granitic  and  diori tic  rocks,  beyond  the  limits  of 
the  Peninsula.  In  addition  to  these,  boulders  of  limestone  are 
generally  distributed  on  the  surface  of  the  Peninsula — nearly  re- 
stricted, however,  to  the  upper  portions  of  the  Drift.  The  hard, 
Bubcrystalline,  Niagara  limestone,  from  the  north  shores  of  Lakes 
Huron  and  Michigan  are  scattered,  in  seemingly  undiminished 
abundance,  quite  to  the  Ohio  line.  I  saw  recently,  in  the  town  of 
Shelby,  Oceana  County,  a  tabular  mass  of  Niagara  limestone  10 
feet  long  and  5  feet  wide,  containing  many  characteristic  fossils, 
including  Haly sites  and  Pentameirus.  The  Uamilton  limestones 
of  Little  Traverse  and  Thunder  Bays,  and  the  intervening  region, 
have  sif^plied  a  still  larger  proportion  of  calcareous  boulders. 
The  finest  fossils  which  I  have  seen  from  both  these  formations 
have  been  weathered  out  in  the  Drift.  The  Hamilton  fragments 
are  generally  rounded,  more  founded  than  the  Niagara ;  but  this 
is  clearly ^the  result  of  easier  solution  in  the  soil,  and  not  of  attri- 
tion, as  in  the  case  of  the  silicious  boulders,  which  still  bear 
scratches  and  marks  of  numberless  collisions.  'A  third  class  of 
calcareous  boulders  has  been  afforded  by  the  Carboniferous 
limestone.  This  is  a  comparatively  feeble  formation,  however, 
and  is  scarcely  represented  in  the  general  distribution,  save  by 
silicified  masses  of  LitJiostrotion, 

The  general  constitution  of  this  heavy  sheet  of  drift  is  of 
northern  and  extra-pepinsular  materials,  modified  by  proximity  of 
local  rock  formations.  The  local  contributions,  where  the  rock 
lies  near  the  surface,  constitute  a  large  percentage.  In  reference 
to  their  condition,  I  think  I  am  authorized  in  a  generalization  of 
some  importance.  The  local  contributions,  at  the  same  time  that 
they  do  not  bear  evidence  of  rolling  and  extensive  transportation, 
seem  to  have  been  moved  by  a  much  gentler  agency  than  that 
which  bore  the  great  bulk  of  the  Drift.  It  looks  like  a  work 
superimposed  upon  the  older  and  more  energetic  one.  The  local 
fragments  are  most  noticeable  in  the  upper,  more  arenaceous  and 
confusedly  stratified  portions.  They  are  either  simply  weathered 
or  more  or  less  angular.  Such  fragments  may  be  traced,  continu- 
ally increasing  in  numbers,  to  the  vicinity  of  the  bed  rock.  Here 
we  see  the  rock  itself  passing  from  its  characteristic,  consolidated 
condition,  to  a  shattered  and  dislocated  state,  with  the  fragments 
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more  and  more  loosened  and  separated,  until  it  blends  with  a  mere 
stream  of  receding,  diluvial  debris.  This  disposition  of  tlie  local 
materials  is  especially  noticeable  in  deposits  derived  from  the 
Hamilton  and  Carboniferous  limestones,  from  the  black  Genesee 
shale  and  from  the  shales  and  coal  seams  of  the  Coal  Measures. 
This,  indeed,  is  not  a  singular  phenomenon,  as  it  has  been  re- 
marked by  others ;  and  I  have  myself  seen  the  process  of  atmos- 
pheric disintegration,  dislocation  and  dissemination  of  products, 
fine  or  coarse,  very  extensively  exemplified  in  the  Cretaceous  and 
Eocene  limestones  of  the  Southern  States  ;  and  I  believe  it  is  the 
same  series  of  changes,  carried  forward  under  atmospheric  and 
modern  inflnenocs,  which,  in  Brazil  and  other  tropical  and  sub- 
tropical  regions,  have  been  sometimes  referred  to  those  glacial  or 
other  energetic  agencies,  which  we  find  illustrated  on  so  grand  a 
scale  in  the  more  constant  features  of  our  Northern  Drift. 

The  precise  induction  which  I  wish  to  draw  out  from  these  phe- 
nomena in  Michigan,  is  the  diflferentiation  of  the  older  and  newer 
transportive  agencies.  The  older  was  powerful,  sweeping,  perva- 
sive ;  the  newer  was  gentle  and  local  in  its  action.  The  older  bore 
its  burdens  from  beyond  the  lakes ;  the  latter  strewed  the  frag- 
ments, sands  and  dust  of  the  local  rocks,  along  a  stream  of  a  few 
rods  or  miles.  The  older  agency  was  unique,  exceptional ;  the 
newer  was  evidently  atrnospheric  and  aqueous,  and  blends  in  itis 
results  with  those  of  recent  ai!;eucies.  , 

These  phenomena  of  aqueous  and  later  action  I  do  not  confound 
with  those  which  have  been  produced,  within  definite  limits,  by  a 
higher  stage  of  the  water  of  the  Great  Lakes.  These  are  still 
more  recent.  They  have  obliterated  the  original  features  of  the 
surface,  within  certain  limits  of  elevation  above  the  lake-levels, 
and  have  rearranged  the  upper  portions  of  the  Drift,  strictly  ac-  * 
cording  to  the  method  of  aquoous  sedimentation.  This  work  of 
the  lakes  is  modern  —  perhaps  even  more  recent  than  the  advent 
of  man. 

I  have  made  these  observations  upon  the  Drift  only  incidentall3\ 
I  desired  to  impress  upon  the  attention  of  the  Section  the  volumi- 
nous character  of  the  deposits  which  envelope  the  fcower  Peninsula, 
and  to  embrace  the  opportunity  to  drop  a  note  on  their  constitu- 
tion and  distribution.  Little  has  been  published  about  the  geology 
of  this  Peninsula.  Having  said  what  I  have,  it  will  be  apparent 
that  good  reasons  have  existed  for  the  slowness  with  which  the  - 
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geoloory  of  the  FeDinsnla  has  been  brought  to  the  notice  of  the 
world  ;  and  for  the  somewhat  hj'pothetical  and  varying  character 
of  some  of  the  generalizations  wliich  have  been  put  forth.  My 
own  connection  with  these  developments  justifies  me  and  stimu- 
lates me  in  making  every  contribution  possible  toward  an  accurate 
geological  map.  I  have  made  three  successive  attempts  to  delin- 
eate, on  a  published  map,  the  knowledge  which  had  been  attained 
in  reference  to  the  rocky  structure  of  the  Peninsula.  The  first 
was  in  1865,  the  second,  in  1866,  and  the  third,  in  1873.  For  the 
reasons  already  indicated,  all  such  maps  must  be  regarded  as  merely 
tentative  and  provisional.  Some  knowledge  of  our  geology  was 
well  settled ;  some  data  were  still  under  discussion ;  and  for  the 
rest  of  our  territory,  only  shrewd  scientific  guesses  remained. 
These,  however,  received  only  as  the  best  guesses  which  could  be 
made,  have  been  much  better  for  the  public  and  for  science,  than 
profound  ignorance  or  erratic  sunnisings. 

Especially  has  that  vast  territory  constituting  the  central  and 
western  portions  of  the  Peninsula,  so  completely'  buried  in  drift, 
been  the  domain  of  shrewd  guesswork.  Between  the  fixed  points 
of  our  geology,  we  have  drawn  the  lines  according  to  our  best 
judgment.  This,  indeed,  is  all  that  can  be  done  in  any  case ;  but 
horo  the  islands  of  rock  are  peculiarly  remote,  and  the  navigation 
between  them  correspondingly  perilous.  Accordingly  it  will  be 
ftumd  that  in  the  wcvstern  part  of  the  Peninsula,  the  lines  upon  my 
uiup  of  ISO*")  are  located  several  miles  further  west  than  on  my  map 
v^t'  \  S  »\'^  Tins  r^vsuUs  partly  from  conflicting  testimonies,  and  partly 
l\v»iu  H  vlulereuee  in  the  interpretations  put  upon  such  indications 
:*.>  y.\' '.H^  >ullun  reach.     I  shall  show  that  the  older  map  is  most  ac- 

lit"  T'o  \>estern  and  southwestern  parts  of  the  Peninsula,  the 

V,'\.  »\M   vivHJ'i  limestone  is  almost  the  only  formation  which  affords  ' 

u.^    s'A    ^v  xuiiena.    neijinniug  near  Leoni  in  Jackson  Count}^,  we 

li...  V     i   '.  >  vs';U  numerous  feeble  outcrops,  along  a  very  narrow 

'.K  .',     I  v'..^  \  i*v  wntiv  and  western  part  of  that  count}',  and  lose 

»    ._,.'.  ^..    I  \^e  ivHoh  Bellevue  in  Eaton  County.     Here  is  one  of 

....  x^   V  iv'u^iy  exjHK^ures.     In  passing  Barry  Count}',  it  re- 

.   .V..VN,,  wis      lUe  next  report  of  it  is  in  the  southeastern 

,   ',    \s^u  v'^^a'itv,  in  the  township  of  Bowne.     Thence  we 

,  n    ivn;..>  »i  oateivp**,  through  Gaines  and  Paris,  to  Grand 

U  ^      .        IV. V    ;  i?*  oxteuHivoly  exposed  in  low  outcrops,  and  is 
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worked  largely,  especially  in  the  bed  of  the  river,  as  a  quarry 
stone.  In  Kent  County,  the  belt  of  outcrop  widens  to  fifteen 
miles.  We  find  exposures  north  of  Grand  Rapids  in  the  town-, 
ships  of  Algoina,  Courtland  and  Nelson.  It  is  next  reported  to 
appear  in  Cazenovia,  the  eastern  town  of  Muskegon  County.  It 
should  pass  under  the  northeastern  corner  of  Ottawa,  and  the 
southwestern  corner  of  Newaygo.  Possibly  the  '*  rapids  "  at  Ne- 
wa3'go  are  determined  by  the  formation.  The  first  actual  out- 
crop, however,  is  in  the  town  of  Dayton,  in  the  western  part  of 
Ne/waygo  County. 

Here,  the  formation,  until  recently,  has  been  lost.  In  Oceana 
County,  however,  traditions  of  limestone  outcrops  have  existed, 
ever  since  the  period  of  the  land-surveys.  The  elder  Farmer,  in 
his  map  of  the  State — to  this  day  unequalled  for  accuracy  and 
detail — recorded  limestone  ledges  in  two  townships  of  that  county. 
Accordingly,  in  m}'  map  of  1865  —  publi-^hed  without  opportunity 
for  personal  examination,  as  the  official  survey  of  the  State  was 
only  continued  two  years — i  extended  the  Carboniferous  limestone 
westward  into  Oceana  County.  Subsequently,  however,  in  1869, 
Mr.  A.  S.  Wadsworth,  an  assistant  on  the  new  survey,  reported 
the  alleged  outcrops  to  be  nothing  more  than  detached  fragments 
in  the  soil.  This  report  convicted  Farmer's  map  of  error,  but  I 
have  since  learned  that  in  another  case,  in  the  southeastern  part  of 
Wexford  County,  a  ledge  recorded  upon  the  map,  and  one  which 
had  given  its  name  to  "  Stone  Ledge  Lake,"  is  nothing  more  than 
a  ma§a  of  metamorphic  boulders.  It  may  be  remarked  that  such 
a  mass  of  boulders  is  often  designated  "  a  ledge  "  by  the  common 
people,  as. I  have  practically  .learned. withjiii  a  few  week*  in  re- 
searches upon  the  southern  shore  of  Big  Clam  Lake,  In  Wexford  ^ 
County.  In  my  map,  therefore,  of  1873,  relying  on  Mr.  Wads-  ' 
worth's  determinations,  and  on  the  configuration  of  the  shore  of 
Lake  Michigan,  I  carried  the  belt  of  limestone  along  a  region 
much  farther  east  than  in  my  former  maps.  The  location  of  one 
formation,  in  a  region  destitute  of  outcrops,  would  affect  the  posi- 
tions of  those  on  either  hand.  The  consequence  is,  that  in  my 
last  map,  all  the  formations  are  too  little  extended  westward,  as  I 
shall  show. 

Having  had  occasion  recently  to  resume  the  study  of  the  west- 
em  portion  of  the  State,  I  have  visited  every  reported  outcrop  in 
Oceana  County.    In  the  town  of  Ferry  (Sections  7,  13  and  14,  T. 


86  B.      NATURAL   HISTORY. 

14,  N.  16,  W.),  southeast  of  the  county  centre,  we  find  exposures 
of  limestone  up  to  400  square  yards  in  extent,  some  of  which  have 
been  extensively  quarried  for  lime.  It  is  difficult  to  believe  that 
such  masses  have  been  detached  from  their- original  bed,  especially 
as  we  have  not  explored  beneath  them.  Nevertheless,  I  hesitate 
to  pronounce  them  genuine  outcrops.  Their  dip  is  sometimes 
with  the  slope  of  the  hillsid^e  on  which  they  appear.  In  some 
cases  they  have  been  worked  out ;  and,  finaii}',  we  find  extensive 
tabular  masses  of  limestone  similarly'  situated,  in  numerous  locali- 
ties in  the  southern  part  of  Jackson  and  northern  part  of  Lenawee 
County,  which  are  demonstrabl}'  out  of  place,  since  they  squarely 
overlie  the  region  of  tlie  Marshall  sandstone.  It  may  be  added 
that  an  equally  curious  circumstance  in  these  cases  is  the  evidence 
from  fossils,  that  these  masses  have  undergone  a  northicai^  trans- 
portation from  the  region  of  the  Hamilton  and  Corniferous  out- 
crops, in  northern  Ohio  and  Indiana. 

In  the  town  of  Shelby  (Sections  16,  17  and  20,  T.  14,  N.  17, 
W),  Oceana  County,  are  numerous 'further  exposures.  One  of 
1;hese  is  a  ynass  originally  t\v<?^ily  feet  loijg  and  tirtcen  feet  broad, 
and  projecting  four  feet  above  the  surface.  It  has  supplied  ma- 
terial for  several  lime-kilns.  It  slopes  northwest,  down  the  hill, 
however,  at  an  angle  of  30°.  Some  minor  exposures  present  a 
more  fixed  and  convincing  attitude.  Singularly,  in  the  same  vi- 
cinity, lies  a  mass  of  Niagara  limestone,  ten  feet  long,  and  four 
or  five  broad  and  of  unknown  thickness.  A  large  slab  for  a 
hearth  has  been  removed  from  the  upper  side.  Its  geological  age 
is  manifest  from  the  presence  of  Ilali/sites  among  the  fossils. 
The  Niagara  limestone  of  Michigan,  moreover,  presents  easily 
identifiable  characters. 

In  the  town  of  Hart  (SectionvU,  T.  15,  N.  17,  W),  next  north 
of  Ferry,  occur  numerous  localities  where  the  stream  of  limestone 
fragments  indicates  the  proximit}'  of  the  formation ;  and  some 
larger  masses  have  been  quarried  and  present  the  usual  appear- 
ance of  genuine  outcrops. 

In  p:ibridge  (Sections  3,  9,  16  and  18,  T.'l5,  N.  16,  W)  sim- 
ilar  phenomena  occur ;  and  these  are  again  repeated  in  the  town 
of  Crystal  (Sections  16,  20  and  34,  T.  16,  N.  16,  W),  on  the 
northern  border  of  the  county ;  and  again  in  the  town  of  Wears 
(Sections  23,  28  and  32,  T.  16,  N.  17,  W.).  In  the  northern  part 
of  Section  28,  Weare,  in  one  place  the  rock  presents  a  rugged 
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protruding  mass,  having  every  aspect  of  a  genuine,  though  incon- 
spicuous outcrop  near  the  summit  of  a  hill.  This  also  has  been 
quarried. 

Furthermore  in  travelling  from  Ludington  to  Pentwater,  one 
sees  the  fields  at  the  distance  of  four  to  six  miles  from  the  .former 
place,  in  Mason  Count^'^,  abounding  to  an  unusual  extent  in  frag- 
ments of  the  same  formation. 

Nor  is  this  all.  In  the  southwest  corner  of  Oceana  County,  in 
the  town  of  Claybanks  (Section  21,  T.  13,  N.  18,  W.),  and  within 
half  a  mile  of  the  shore  of  Lake  Michigan,  are  numerous  occur- 
rences of  similar  limestone  masses,  which  few  would  hesitate  to 
pronounce  the  formation  in  place.  Here,,  as  elsewhere,  the  de- 
posits have  been  quarried,  with  every  indication  of  an  exhaustless 
supply  of  the  rock.  Masses  of  limestone  as  solid  as  an  ordinary 
ledge,  and  from  four  to  ten  feet  square,  at  least,  have  been  struck 
in  more  than  half  a  dozen  places  in  cultivating  a  contiguous  field. 
The  lake-bluff  here,  called  "the  claybanks,"  is  275  feet  high ;  and 
the  general  surface,  for  some  miles  around,  must  average  about 
200  feet  above  the  lake  level.  'The  section  exposed  at  the  clay- 
banks  is  as  follows : 

FERT. 

E.   Evenly  stratified  sand  and  sandy  clay,       .       80 

D.   Pebbly  clay  intimately  mixed  with  much 

sand.     Color  pale  pink-tinted,       ...       85 

C.  Sand  mixed  with  clay,  horizontall}'  strati- 
fied, having  a  bed  of  pebbles  and  bould- 
ers at  bottom,  from  which  issue  numer- 
ous copious  springs,   .     •  .  . .   •     •     •     •       65 

B.   Compact,   tough,   slightly  tinted    boulder 
clay,  mostly  concealed  by  debris.    Strat- 
ification obscure  as  far  as  observed,       .       10     . 
•       A.   Talus  of  sand  to  the  water's  edge,   ...       10 


Total, 200 

This  depth  of  unconsolidated  materials  is  within  less  than  half 
a  mile  of  the  limestone  outcrops  last  mentioned. 

Along  the  beach  lie  innumerable  water-worn  pebbles  of  the 
Hamilton  and  Niagara  limestones.  Amongst  them  are  many 
fragments  of  the  Carboniferous  limestone — not  water^worn,  but 
more  or  less  angular,  and  seeming  to  have  fallen  down  from  above. 
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The  dimensions  of  the  latter  class  of  fragments  are  often  consid- 
erable. I  measured  one  seven  feet  by  ten,  and  over  three  feet  in 
thickness.  Another  huge  block  towers  up,  resting  on  its  edge. 
It  is  an  imperfectly  strati fifd  ^ass  five  feet  thick,  fourteen  feet 
.  long  and  standing  ten  feet  higlf,,  containing  700  cubic  feet  of 
^  stone.  One  of  the 'vertical  faces  is  smoothed  and  marked  with 
three  sets  of  striae  running  in  the  relative  directions  of  the  three 
sides  of  an  equilateral  triangle. 

In  reference  to  the  limestone  exposures  examined  in  Oceana 
County,  three  general  observations  may  be  made. 

1.  The  rock  is  the  Carboniferous  limestone.  Not  a  single 
identifiable  fossil  has  been  observe<l,  save  a  specimen  of  Alio- 
risma,  which,  after  all,  is  a  species  not  hitherto  known  in  Michigan, 
if  described  at  all.  Nevertheless,  the  ro<!k  presents  that  peculiar 
curdled  and  imperfectly  stratified  structure,  resulting  in  the 
gnarled  an(^  rugged  weathered  surfaces  with  which  we  become 
familiar  in  Kent  and  Jackson  counties.  There  is  a  second  variety 
of  the  rock  more  evenly  stratified  and  resembling  the  Grand  Rap- 
ids outcrop ;  but  the  characteristic  greenish  stains  reveal  its 
identity  with  the  Carboniferous  limestone  of  Jackson  County. 
Moreover,  the  peculiar  dislocated  and  faulted  arrangement  of  the 
fibres  of  the  lignilitic  structure  is  something  characteristic. 
Finally,  no  other  limestone  in  or  about  the  borders  of  the  State 
is  so  completely  destitute  of  recognizable  organic  forms.  Were 
these  exposures  of  the  Hamilton,  Corniferous  or  Ntegara  lime- 
stone, the  ever  present  fossils  would  tell  the  tale  of  its  age  in 
nine  instances  out  of  ten. 

2.  If  none  of  these  masses  of  rocks  prove  to  be  actually  in 
pl,ace,  they  nevertheless  seem  to  locate  quite  approximately  the 
place  of  the  formation  from  which  they  ^re  derived.  Restricted 
to  a  definite  belt,  occurring  in  such  numbers  and  in  masses  of  such 
magnitude  as  they  do,  and  along  the  trend  of  the  formation  deter- 
mined by  a  line  of  outcrops  from  Jackson  Coubty  to  Kent  and 
Newaygo,  there  can  now  be  but  little  guesswork  in  stretching  the 
blue  of  the  Carboniferous  limestone  in  quite  a  broad  belt,  from 
Grand  Rapids  to  Pentwater. 

8.  But  if  these  enormous  sheets  of  limestone  are  all,  as  some 
of  them  undoubtedly  are,  mere  loose  masses  floating  in  a  bed  of 
sand  one  or  two  hundred  feet  above  the  solid  rock,  the  fact  is  one 
of  considerable  geological  significance.    The  agency  which  moved 
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them  was,  demonstrably,  not  that  general  one  which  transported 
fragments  scores  and  hundreds  of  miles,  and  deposited  them  in  a 
worn  and  battered  condition-*— that  is,  it  was  something  different 
from  the  general  drift  agency  — it  was  not  a  ipoving  glacier. 
Further,  the  translation  of  the  rock  masses  must  hav^e  been  simul- 
taneous with  the  movement  of  the  sands  which  envelope  them. 
The  semi-stratified  condition  of  the, sands  suggests  the  disposing 
action  of  water ;  but  water  alone  could  not  have  transported  these 
rock-masses,  unless  it  acted  with  such  violence  as  must  have  swept 
the  sands  from  the  face  of  the  Peninsula.  Moving  water  assorts ; 
here  we  have  added  to  the  assorted  sands  a  belt  of  rocky  slabs  of 
suclii  magnitude  as  to  constitute  a  glaring  ^fhtithesia  to  assortment. 
What  must  have  been  the  nature  of  the  agency  which  acted  like 
water  in  assorting,  and  quite  unlike  water  in  mixing? 

I  feel  compelled  to  resort  to  a  theory  which  facts  forced  upon 
my  attention  years  ago.^  It  seems  to  me  that  upon  the  surface  of 
the  water  whose  movements  assorted  tiie  sands,  fields  of  ice  were 
floating,  capable  of  transporting  huge  blocks  of  limestone.  The 
shallow  portions  of  the  water — the  evidence  is  that  all  portions 
were  comparatively  shallow — congealed  to  a  considerable  depth, 
would  embrace  in  ice  the  protruding  portions  of  many  rocky 
ledges.  On  occasion,  then,  of  a  rise  in  the  level  of  the  water, 
large  masses  of  rock  might  have  been  lifted  from  their  resting 
places  and  floated  away.  It  will  at  once  be  understood  how  such 
action  would  result  in  tlie  phenomena  which  we  witness.  To  such 
agency  I  am  inclined  to  attribute  the  northward  translation  of  the 
tables  of  |Iamilton  and  Cprniferous  limestone,  which  rest  in  the 
sands  overlvino:  Carboniferous  rocks,  in  Jackson  and  Lenawee 
comities.  This  subject  I  discussed  in  1865,  a'n4I  content  myself 
with  contributing  these  additional  facts.  *• 

Having  traced  the  Carboniferous  limestone  to  the  vicinity  of 
Pentwater,  it  would  be  desirable  to  trace  it  beyond,  but  I  am  con-  - 
vinced  the  data  for  doing  this  with  accuracy  are  not  accessible  to 
the  geologist.  To  the  north  of  this,  we  have  the  whole  system  of 
older  formations,  exhibiting  conformable  trends  from  southwest 
to  northeast.  Tlie  Hamilton  limestones  stretch  from  Leelanaw 
County  through  Cliarlevoix  and  Emmet.  Their  territory  is  defi- 
nitely mapped.     Next  to  the  south,  is  the  narrow  belt  of  the  Black 

s  Some  indications  of  a  Northward  Tmnsportntion  of  Drilt  Materials  in  the  Lower 
Feninaula  of  Michigan.    Amer.  Jour,  Sci.  and  Artt^  Vol.  X,  Nov.,  18U5. 
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or  Genesee  Shale,  whose  i)osition  is  fixed  by  outcrops  in  Benzie, 
Leelanaw,  Antrim,  Charlevoix  and  Emmet  counties.  There  is  no 
gqesswork  here.  The  trend  is  nortiieast  and  southwest,  with  a 
slight  curvature.  Next  to  this,  and  further  toward  the  south, 
should  ai)pear  the  broad  belt  of  the  Huron  Shales — the  Portage 
and  Chemung  of  New  York.  Unfortunately,  however,  these  shales 
make  their  appearance  at  the  surface,  at  only  four  localities.  One 
of  these  is  at  Tucker's  Point  on  the  west  side  of  the  Peninsula  of 
Grand  Traverse  Bay ;  another  is  at  the  point  of  the  Peninsula, 
and  the  two  others  are  at  Brownstown  and  Eastport,  two  miles 
apart,  on  the  cast  shore  of  the  Bay.  These  outcrops  determine  a 
strike  for  the  formation,  whicli,  as  far  as  it  goes,  is  quite  parallel 
with  the  other  trends. 

Between  the  Huron  group  and  the  Carboniferous  limestone,  lie 
the  Marshall  Group  and  the  Michigan  Salt  Group.  These  can 
have  no  other  strike  than  nortiieast ;  and  the  Carboniferous  lime- 
stone must  follow  them,  starting  from  the  vicinity  of  Pentwater. 
But  no  outcrops  exist  in  that  direction.  I  find  an  old  memorandum 
of  a  reported  outcrop  near  Muskrat  Lake,  in  Missaukee  County,* 
but  I  failed  to  hear  of  it  in  my  recent  explorations;  and  still 
later  inquiries  fail  to  confirm  the  account.  I  can  only  affirm  that 
the  locality  is  where  outcrops  should  be  expected. 

In  the  absence  of  well  defined  outcrops,  there  are  several  classes 
of  indications  to  which  the  geologist  may  resort.  These  are :  I. 
The  results  of  artesian  borings.  2.  The  character  of  the  local 
drift,  including  the  soil.  3.  The  topography.  4.  The  timber. 
5.  The  direction  of  the  streams,  which  generally  tends  to  conform 
either  to  the  dip  or  the  strike  of  the  rocks.^  Artesian  borings  re- 
veal the  presence  of  a  sandstone  underneath  Spring  Lake,  Ottawa 
County,  and  again  at  Muskegon,  where  it  has  a  thickness  of  sixty- 
eight  feet.  This  is,  beyond  all  question,  the  Marshall  Sandstone, 
which  we  detect  in  a  number  of  outcrops  in  the  eastern  part  of 
Ottawa  County  and  the  western  part  of  Kent,  and  again  in  the 
southern  part  of  Ottawa  County,  giving  a  breadth  of  at  least 
twenty-one  miles  to  the  formation.  The  Marshall  Group  must 
therefore  terminate  on  the  lake  shore,  in  the  vicinity  of  Little 
Point  Sable ;  and  the  Michigan  Salt  Group,  must  reach  the  shore 

*  This  Tnemorandnm  was  nirnished  in  1801,  by  Edward  F.  French,  then  of  Greenville, 
Montcalm  County,  now  deceased. 

"  This  criterion  is  only  asserted  to  apply  in  a  region  comparatively  undisturbed, 
like  the  Lower  Feniu&ula  of  31icblgan.  / 
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between  that  point  and  Pentwater.  The  interrupted  circuit  of  the 
Marshall  Group  must  be  resumed  in  the  neighborhood  of  Grand 
Point  Sable,  and  that  of  the  Michigan  Salt  group,  in  the  vicinity 
of  Lincoln,  iu  Mason  County. 

If  we  appeal  to  the  characters  of  the  soil  and  local  drift  to  guide 
us,  we  find  some  reason  for  suspecting  that  the  broad,  sandy,  com- 
paratively level  belt  stretching  diagonally  through  the  counties  of 
Manistee,  Wexford,  Missaukee  and  Kalcaska,  into  Crawford,*  is 
the  place,  in  a  general  way,  of  the  Marshall  Group.  Similarly, 
the  Michigan  Salt  Group  has  its  surface  characteristics.  Its  pres- 
ence is  attended  by  a  soil  less  arenaceous,  with  a  corresponding 
thickening  of  the  argillaceous  deposits.  A  region  of  this  charac- 
ter actually  follows  the  arenaceous  belt  just  traced.  A  series  of 
salt  springs  furnishes  accessory  indications. 

If  we  apply  the  criterion  of  topography  we  make  still  further 
progress.  The  region  of  the  Michigan  Salt  Group  is  character- 
ized by  abrupt  declivities  underlaid  by  beds  of  clay  and  shale. 
Some  of  these  are  the  slopes  of  elongated  ridges  which  rise 
abruptly  above  the  general  level  on  one  side  and  slope  off  gently 
on  the  other,  or  direction  of  the  dip.  Some  are  the  funnel-like 
slopes  of  a  sink-hole,  caused,  as  I  presume,  by  the  local  dissolu- 
tion of  a  thick  underlying  bed  of  gypsum,  through  the  action  of 
running  water.  The  gypsum  of  Michigan,  it  will  be  remembered, 
is  a  persistent  stratum  from  twelve  to  twenty  feet  thick.  The 
sink-holes  which  mark  its  local  removal,  become  at  once  the  sign 
of  the  presence  of  the  formation  and  of  the  gypseous  deposit. 
These  sink-holes  may  be  dr}",  or  may  form  small  lakes  with  steep, 
clayey  banks.  Now  in  Mason  County,  in  T.  17,  N.  16,  W.,  is  a 
multitude  of  sink-holes,  and  this  region  is  immediately  contiguous 
to  the  si1f)posed  prolongation  of  the  Carboniferous  Limestone. 
Northeast  of  this,  in  T.  18,  N.  15,  W.,  we  find  deep  precipitous 
gorges  extending  into  Lake  County.  In  the  southwestern  part  of 
this  county,  are  twenty  or  thirty  small  lakes  which  probably  give 
name  to  the  county. 

Inside  of  the  circuit  of  the  mountain  limestone,  space  must  be 
allowed  for  the  Parma  conglomerate.  It  is  to  be  wondered  that  so 
coherent  a  formation,  though  known  to  underlie  the  entire  coal 
measures,  makes  no  actual  outcrop  except  in  Jackson  County. 
Its  place  is  just  northeast  of  Newaygo,  northeast  of  Rockford  in 
•Kent  Count}'  and  north  of  Bellevue  in  Eaton  County,  stretching 
thence  to  Springport  and  Parma  in  Jackson  County. 
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at  the  depth  of  thirty  feet  beneath  the  surface,  two  miles  south  of 
the  city.  The  surface  of  the  ground  there  is  fifty  feet  or  more  be- 
low the  general  level  of  the  uplands  of  the  v  cinit^',  on  the  gentle 
slope  of  the  valle3'-8ide  of  the  Iowa  River.  In  Adair  County,  in 
the  southwestern  part  of  the  state,  another  similar  peat  bed  has 
been  discovered.  This  is  between  two  and  three  feet  in  thickness. 
Overlying  it  is  a  deposit  of  very  slightly  modified  drift,  if  not  en- 
tirely unaltered,  and  under  it  is  a  dull,  bhiish  bed  of  clay.  This 
locality  is  within  the  valley  of  one  of  the  upper  branches  of  the 
Middle  Nodaway  River,  a  mere  prairie  creek. 

Dr.  White  remarks  that  these  deposits  were  at  one  time  thought 
to  date  from  pre-glacial  times,  but  refers  them  now,  without  hesita- 
tion} at  least  those  at  Davenport  and  Iowa  City,  to  post-glacial 
time.  As  thoy  occur  within  the  valle3's  of  large  rivers,  and  as  the 
overlying  drift  materials  have  rather  the  nature  of  alluvium,  this 
assignment  is  ver^'  reasonable.  Peat  marshes  no  doubt,  existed 
along  the  valleys  of  those  rivers,  at  that  period  of  time,  whenever 
it  was,  that  witnessed  their  waters  much  swollen  above  their  pres- 
ent stages,  and  when  they  spread  over  wide  lake-like  expansions, 
which  were,  after  the  manner  of  many  rivers  of  the  present  day, 
periodically  extended  and  contracted  by  the  varying  precipitation 
and  drainage  facilities. 

Col.  Chas.  Whittlese}'  mentions  in  the  "  Smithsonian  Contribu- 
tions" (No.  197,  page  15),  that  two  logs  of  resinous  timber  are  re- 
ported to  have  been  found  in  a  well  sixty  feet  deep  at  Iowa  City, 
on  the  upland,  or  general  level  of  the  country.  A  bed  of  sticks 
and  leaves  has  been  observed  at  Burlington,  one  hundred  feet 
above  the  Mississippi  River,  at  a  depth  of  twelve  feet. 

Two  miles  east  of  Lime  Springs,  in  Howard  Count^s  peat  was 
found  by  Mr.  James  Irving  in  digging  his  well.  It  lies  below  a 
heavy  bed  of  sand  nearly  twenty  feet  thick.  Over  the  sand  is 
cla3\  Although  this  peat  shows  the  impressions  of  leaves,  no 
sticks  were  found.  It  is  at  least  four  feet  thick  ancUbrtj'-fcail feet 
below  the  surlace.  At  another  point,  one  mile  south  of  Lime 
Springs,  the  farm  of  C.  II.  Wood  afforded  a  large  piece  of  wood, 
apparently'  cedar  or  tamarack,  from  the  depth  of  forty  feet,  in 
blue  clay.  At  a  point  seven  miles  southwest  of  Lime  Springs, 
legs  were  foimd  forty  feet  below  the  surface  in  the  digging  of  a 
well,  in  the  drift  clay.  These  cases  are  given  on  the  authority  of 
John  T.  Smith. 


^ 
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In  the  geological  reports  of  the  state  of  Illinois,  mention  is  fre- 
quently made  of  a  black  carbonaceous  layer,  embraced  in  the 
drift  deposits,  resembling  an  ancient  soil  frequently  associated  with 
remains  of  vegetation,  more  or  less  decayed  ;  and  sometimes  with 
a  peaty  deposit,  embracing  wood  and  leaves.  An  examination  of 
the  published  county  reports  of  that  state,  has  afforded  the  follow- 
ing  notes  on  this  bed  of  vegetation. 

VEGETATION   IN   THE    DRIFT   DEPOSITS   OF    ILLINOIS. 

Jersey  County^  borders  on  the  Mississippi.  In  this  county  frag- 
ments of  wood,  and  even  trees  of  considerable  size  are  often  met 
with  in  sinking  wells  or  in  making  other  excavations  in  \^  the 
plastic  clay."  ^y  "the  plastic  clay"  is  here  meant  the  lowest 
portion  of  the  northern  drift.  It  is  overlain  by  a  layer  of  twenty 
or  thirty  feet  of  gravel  and  sand,  with  boulders.  This  last  is 
overlain  by  about  twenty  feet  of  yellowish-brown  clay  rising  to 
thQ  surface. 

Marion  County,  Mr.  Henr}'^  Englemann  reports  pieces  of 
brown  wood  in  a  well  at  Patoka,  thirty  feet  below  the  surface. 
This  occurs  in  blue  clay  with  sand  and  pebbles,  the  clay  itself 
being  thirty  feet  thick. 

Cook  Covnty.  Mr.  Henry  M.  Bannister  mentions  the  occurrence 
of  pieces  of  wood  and  stems  of  small  trees  in  the  lacustrine  de- 
posits in  the  vicinity  of  Evanston,  at  about  eleven  feet  below  the 
surface.  '^In  one  or  two  instances  only  has  there  been  observed 
what  appeared  to  be  fragments  of  decayed  wood,"  in  the  lower 
clays  of  the  drift. 

In  St,  Clair  Coxmty^  Mr.  Worthen  found  bits  of  wood  in  a 
coarse  quicksand  near  the  bottom  of  the  drift,  over  eighty  feet 
below  the  surface.  This  was  below  the  mass  of  blue  and  reddish 
clay,  which  was  fifty  feet  in  thickness. 

In  Hancock  County^  the  drift  clays  that  underlie  the  central  and 
eastern  portion,  are  said  by  Mr.  Worthen,  to  contain  fragments 
of  wood,  and  often  the  entire  trunks  of  trees  of  considerable  size. 
These  woods  appear  to  be  species  of  cedar.  This  county  borders 
on  the  Mississippi  River. 

In  Perry  County  Mr.  Worthern  reports  a  blue  mud,  lying  below- 
the  main  mass  of  drift  clay,  containing  leaves  and  sticks.  This 
is  met  in  a  great  many  wells,  but  not  in  all.  Hence  he  infers  that 
it  was  either  a  local  deposit  that  accumulated  only  in  ponds  or 
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.    Bloughs,  or  else  it  was  in  part  swept  away  by  surface  erosion  at 
the  commencement  of  the  <lrift  period.     "  Its  average  tbiclcness," 
be  says,  "cannot  bo  definitely  stated,  for  when  it  was  found  in 
digging  for  water,  the  well  was  generally  abandoned  as  soon  as 
this  deposit  was  reached,  because  the  partly  decomposed  vegetable 
matter  which  it  contained,  rendered  the  water  unfit  for  use.     It 
appears  to  be  composed,  in  good  part,  of  vegetable  matter  consist- 
ing  of  leaves  and  partially  decayed  wood,  embedded  in  a  muddy 
sediment,  and  has  been  penetrated  in  some  places  to  the  depth  of 
five  to  ten  feet.     It  usually  lies  at  the  bottom  of  the  drift  deposits, 
but  at  one  point  in  Jackson  County,  it  was  underlaid  by  a  bed  of 
sand  two  or  three  feet  in  thickness."     He  regards  it  as  belonging 
to  a  period  somewhat  older  than  the  true  drift  deposits. 

Jacksrm  Com>iy  is  said  by  Mr.  Worthen,  to  affonl  the  same  bed 
of  dark  blue  or  black  mud,  at  an  average  of  about  thirty  feet 
below  the  surface,  coniaining  leaves  and  branches  of  trees.  It  is 
Here  also  below  the  main  mass  of  the  drift  clay,  but  immediately 
above  a  water-bearing  stratum  of  sand. 

In  WooOford  Count,,  a  Layer  of  rotten  driftwood  or  peaty  matter 
occurs  at  the  depth '<,f  about  sixty-five  feet,  below  a  thickness  of 

^  T,  f  f  "'■  '"'"^  *""  '•'"'"''  '■'''^''  *"■  hardpan,  exposed  in  a  ravine 
of  Kichland  Creek,  as  reported  by  Mr.,  H.  A.  Green.  This  deposit 
Here  is  said  to  resemble  peat,  but  embraces  fragments  of  w6od 
well  enough  preserved  to  be  reco^r„ize<i.  From  this  locality  Prof. 
Lesquereux  identifietl  the  following  species :  American  white  birch, 
black  or  double  spruce,  American  larch  or  tamarack,  and  one  vari- 
ety  of  cedar. 

1-lie  -true  drift"  in  Grundy  County,  is  said  by  Mr.  Frank  H. 
Brad  ey  to  consist  of  a  tough,  blue,  '-boulder-clay,"  with  iHibbles  * 
and  boulders,  sometimes  also  including  fragments  of  wood,  over- 
laid but  slightly,  or  not  at  all,  with  gravel,  and  ui.<ierlaid,  so  far 
as  known,  with  a  bed  of  hardpan,  and  a  water-be.aring  quicksand, 
which  has  thus  far  prevented  any  knowledge  of  the  underlying 
materials.  "^    ° 

Jl'Le<'n  County.  At  the  city  of  Bloomington,  a  coal  mining 
shaft  passed  through  254  feet  of  drift  materials,  including  two 
separate  layers  of  black  mould  and  vegeialion,  between  which,  m 
according  to  the  report  of  Mr.  II.  M.  Bannister,  y^ere  eighty-nine 
feet  of  hardpan  and  clay.  The  first  layer  was  thi.ien  feet 'thick, 
and  a  huiidie<l  and  ten  feet  beneath  the  surface.  The  lower  was 
but  six  feet  thick. 
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In  Tazewell  County,  according  to  the  last  named  writer,  a  bed 
of  black  vegetable  mould  was  met  in  wells  in  the  vicinity  of  Pekin, 
where  it  tainted  the  water  of  wells  to  such  an  extent  as  to  render 
them  almost  unfit  for  use. 

In  *  Menard  County,  Mr.  H.  M.  Bannister  reports  near  Athens, 
a  shaft  that  struck  pieces  of  coniferous  wood  at  the  depth  of 
about  one  hundred  feet  below  the  general  level  of  the  country, 
taken  out  in  a  tolerable  state  of  preservation. 

In  the  extreme  northeastern  part  of  Morgan  County,  a  shaft 
passed  through  eighty-five  feet  of  drift  materials,  the  greater  por- 
tion of  it  bluish  hard  pan,  and  near  the  bottom  encountered  a  log 
eighteen  or  twenty  inches  in  diameter.  Logs  and  driftwood  are 
reported  to  have  been  frequently  found  in  the  clays,  etc.,  of  the 
drift  in  this  county,  according  to  Mr.  Bannister,  but  seldom  as 
deep  as  in  this  instance,  at  the  very  base  of  the  formation. 

In  reference  to  M^ Heni-y  County,  Mr.  Bannister  says:  "In 
the  central  and  western  portions  of  the  county,  the  mass  of  the 
drift  appears  to  consist  of  clay  and  hanlpau,  with  occasional 
boulders.  We  have,  however,  in  this  county,  accounts  of  logs  of 
wood  and  other  vegetable  remains  being  found  at  various  depths 
in  these  deposits,  a  feature  which  appears  to  be  wanting,  or  ex- 
tremely uncommon  in  Lake  County.  One  such  instance  of  the 
finding  of  a  cedar  (?)  log  seven  inches  in  diameter,  at  the  depth 
of  forty-two  feet  below  the  surface,  is  reported  on  the  eastern  line 
on  Sec.  13,  township  44,  range  6.  Other  instances  are  reported 
in  various  parts  at  depths  varying  from  fifteen  to  fifty  feet  or 
more." 

At  Sycamore,  in  DeKalb  County,  Mr.  Bannister  says  large  pieces 
of  wood  wei*e  said  to  have  been  met  with  in  the  blue  clays  of  the 
drift,  at  the  depth  of  fifty  f»»ct,  in  digging  a  well,  and  other  in- 
stances are  mentioned  at  considerable  intervals  in  the  drift,  in  va- 
rious parts  of  the  county. 

In  Fulton  County,  Mr.  Worthen  describes  a  band  of  black 
mould  or  soil  containing  leaves  and  fragments  of  wood,  found 
below  the  drift  cla^^s  in  grading  the  track  of  a  railroad  near 
Canton. 

In  Adams  County,  the  first  discovery  was  made  in  the  state  of 
Illinois,  of  this  ancient  soil  or  layer  of  vegetable  mould,,  according 
to  Mr.  A.  IL  Worthen ;  and  it  was  made  in  sinking  a  shaft  at 
Coatsburg,  in  1^59.     The  mould  was  met  at  ninety -one  feet.     The 
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sloughs,  or  else  it  was  in  part  swept  away  by  snrface  erosion  at 
the  commencement  of  the  drift  period.  '^Its  average  thickness," 
he  sa^'s,  "cannot  be  definitely  stated,  for  when  it  was  found  in 
digging  for  water,  the  well  was  generally  abandoned  as  soon  aa 
this  deposit  was  reached,  because  the  partly  decomposed  vegetable 
matter  which  it  contained,  rendered  the  water  unfit  for  use.  It 
appears  to  be  composed,  in  good  part,  of  vegetable  matter  consist- 
ing of  leaves  and  partially  deca3^ed  wood,  embedded  in  a  muddy 
sediment,  and  has  been  penetrated  in  some  places  to  the  depth  of 
five  to  ten  feet.  It  usually  lies  at  the  bottom  of  the  drift  deposits, 
but  at  one  point  in  Jackson  County,  it  was  underlaid  by  a  bed  of 
sand  two  or  three  feet  in  thickness."  He  regards  it  as  belonging 
to  0  period  somewhat  older  than  the  true  drift  deposits. 

Jackson  County  is  said  by  Mr.  Worthen,  to  aflford  the  same  bed 
of  dark  blue  or  black  mud,  at  an  average  of  about  thirty  feet 
below  the  surface,  coniaining  leaves  and  branches  of  trees.  It  is 
here  also  below  the  main  mass  of  the  drift  clay,  but  immediately 
above  a  water-bearing  stratum  of  sand. 

In  Woodford  County  a  layer  of  rotten  driftwood  or  peaty  matter 
occurs  at  the  depth 'of  about  sixty-five  feet,  below  a  thickness  of 
fifty  feet  or  more  of  bluish  clay,  or  hardpan,  exposed  in  a  ravine 
of  Kicliland  Creek,  as  reported  by  Mr.^  II.  A.  Green.  This  deposit 
here  is  said  to  resemble  peat,  but  embraces  fragments  of  \Y5od 
well  enough  preserved'to  be  reco<;nized.  From  this  locality  Prof. 
Lesquereux  identified  the  following  species :  American  white  birch, 
black  or  double  spruce,  American  larch  or  tamarack,  and  one  vari- 
ety of  cedar. 

.  The  ''true  drift"  in  Grundy  County^  is  said  b}'  Mr.  Frank  H. 
Bradle}',  to  consist  of  a  tough,  blue,  ''boulder-cla}',"  with  pebbles 
and  boulders,  sometimes  also  including  fragments  of  wood,  over- 
laid but  slightly,  or  not  at  all,  with  gravel,  and  underlaid,  so  far 
as  known,  with  a  bed  of  hardpan,  and  a  water-bearing  quicksand, 
which  has  thus  far  prevented  any  knowledge  of  the  underlying 
materials. 

McLean  County,  At  the  city  of  Bloomington,'  a  coal  mining 
shaft  passed  through  254  feet  of  drift  materials,  including  two 
separate  layers  of  blapk  mould  and  vegetation,  between  which, 
according  to  the  report  of  Mr.  II.  M.  Bannister,  were  eighty-nine 
feet  of  hardpan  and  clay.  The  first  layer  was  thiAeen  feet  thick, 
and  a  hundred  and  ten  feet  beneath  the  surface.  The  lower  was 
but  six  feet  thick. 
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In  Tazewell  County^  according  to  the  last  named  writer,  a  bed 
of  black  vegetable  mould  was  met  in  wells  in  the  vicinity  of  Pekin, 
where  it  tainted  the  water  of  wells  to  such  an  extent  as  to  render 
them  almost  unfit  for  use. 

In  ^Menard  County,  Mr.  H.  M.  Bannister  reports  near  Athens, 
a  shaft  that  struck  pieces  of  coniferous  wood  at  the  depth  of 
about  one  hundred  feet  below  the  general  level  of  the  country, 
taken  out  in  a  tolerable  state  of  preservation. 

In  the  extreme  northeastern  part  of  Morgan  County,  a  shaft 
passed  through  eighty-five  feet  of  drift  materials,  the  greater  por- 
tion of  it  bluish  hard  pan,  and  near  the  bottom  encountered  a  log 
eighteen  or  twenty  inches  in  diameter.  Logs  and  driftwood  are 
reported  to  have  been  frequently  found  in  the  clays,  etc.,  of  the 
drift  in  this  county,  according  to  Mr.  Bannister,  but  seldom  as 
deep  as  in  this  instance,  at  the  very  base  of  the  formation. 

In  reference  to  M^ Hent'y  County,  Mr.  Bannister  says:  "In 
the  central  and  western  portions  of  the  county,  the  mass  of  the 
drift  appears  to  consist  of  clay  and  hardpan,  with  occasional 
boulders.  We  have,  however,  in  this  county,  accounts  of  logs  of 
wood  and  other  vegetable  remains  being  found  at  various  depths 
in  these  deposits,  a  feature  which  appears  to  be  wanting,  or  ex- 
tremely uncommon  in  Lake  County.  One  such  instance  of  the 
finding  of  a  cedar  (?)  log  seven  inches  in  diameter,  at  the  depth 
of  forty-two  feet  below  the  surface,  is  reported  on  the  eastern  line 
on  Sec.  13,  township  44,  range  6.  Other  instances  are  reported 
in  various  parts  at  depths  varying  from  fifteen  to  fifty  feet  or 
more." 

At  Sycamore,  in  DeKalb  County,  Mr.  Bannister  says  large  pieces 
of  wood  were  said  to  have  been  met  with  in  the  blue  clays  of  the 
drift,  at  the  depth  of  fifty  ft»ct,  in  digging  a  well,  and  other  in- 
stances are  mentioned  at  considerable  intervals  in  the  drift,  in  va- 
rious parts  of  the  county. 

In  Fulton  County,  Mr.  Worthen  describes  a  band  of  black 
mould  or  soil  containing  leaves  and  fragments  of  wood,  found 
below  the  drift  claj^s  in  grading  the  track  of  a  railroad  near 
Canton. 

In  Adams  County,  the  first  discovery  was  made  in  the  state  of 
Illinois,  of  this  ancient  soil  or  la3Wof  vegetable  mould,  according 
to  Mr.  A.  H.  Worthen  ;  and  it  was  made  in  sinking  a  shaft  at 
Coatsburg,  in  1959.     The  mould  was  met  at  ninety -one  feet.     The 
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overlying  drift  was  mostly  a  blue  clay,  with  gr^ivel  and  boulders. . 
Immediately  below  the  black  mould,  was  a  stratified  blue  clay,  six 
feet 'in  thickness.     Below  that  a  tough  blae  clay  was  penetrated 
twenty  feet. 

In  Carroll  County y  a  well  that  was  dug  in  the  town  of  Mt. 
•Carroll,  revealed  a  *' black,  mucky  clay,"  at  forty-erglit  feet.  It 
,was  itself  five  feet  in  thickness.  "  Another  well,  some  three  miles 
distant,  passed  through  a  second  soil  some. three  feet  below  the 
surface,  and  immediately  thereafter  a  deposition  of  timber  or  wood 
t^KO  or  three  foot  in  tliieknossvmahy  pieces  having  tenacit}'  enough 

« 

;   *     to  hold  together  for  months  after  exposure  to  the  atmosphere." 
This  is  reported  by  Mr.  James  Shaw. 

In  Lee,  County^  a  similar  bed  of  "  black,  oozy,  marly  mud,  full 
of  sticks,  etc.,"  is  reported  by  Mr.  James  Shaw,  to  have  been  en- 
countered in  digging  a  well  in  Palmj'ra  township.  This  black  de- 
posit, containing  tlie  decayed  remains  of  timber,  lies  at  or  near 
the  base  of  the  true  drift,  in-  this  part  of  the  state. 

According  to  Mr.  Shftw,  at  one  locality  in  Whiteside  County^ 
a  well  was  sunk  twelve  or  fifteen  feet  in  3'ellow,  unx?tuous  clay ; 
then  blue  clay  was  struck,  and  in  about  fifteen  feet  more  a  great 
quantity  of  sticks  and  wood,  apparently  cedar  and  pine,  was  found. 
This  woody  deposit  was  about  the  base  of  the  true  drift. 

Mr.  Worthoru  reports,  that  in  Peoria  County^  in  the  city  of 
.  Peoria,  a  shaft  struck  a  *'  black,  mucky  soil,  with  limbs  of  trees," 
at  the  doplli  of  a  hundred  and  forty  five  feet.  This  black  soil  was 
two  feet  in  thickness  and  was  unxlerlain  by  a  boulder  clay.  The 
overlying  drift  here  was  coarse  sand  and  gravel,  with  boulders, 
with  a  clayey  bed  fortj'-eiijht  feet  thick,  of  alternating  layers  of 
sand  and  gravel  with  boulders. 

Also  in  Monroe  County^  Mr.  A.  11.  AVorthen  reports,  that  on 
Sec.  3,  T.  2,  S.  U.  10  \V.  a  well  that  was  sunk  in  yellow',  drift  clay, 
to  the  depth  of  thirty  feet,  encountered  there  a  black,  peaty  soil 
with  fragments  of  wood.  This  was  underlain  by  seven  or  eight 
feet  of  hard,  blue  clav. 

In  Sangamon  County^  Mr.  Worthen  reports,  on  the  authority  of 
Mr.  Joseph  Mitchell,  a  well  digger,  that  it  is  customary  to  pass 
through  a  bed  of  black  muck  with  fragments  of  wood,  from  twelve 
to  fifteen  feet  below  the  surface,  having  a  thickness  from  three  to 
eight  feet,  in  the  northwest  part  of  the  county. 

Mr.  Worthen  regards  this  deposit  of  black  mou'd  as  later  than 
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the  true  drift.  It  lies  over  the  main  mass  of.boalder  clay,  and 
jast  below  the  loess.  It  was  met  in  a  great  many  plaices  in  Sanga- 
mon County,  and  always  above  the  true  drift.  He  parallelizes  it 
with  the  chocolate  colored  band,  a  foot  or  two  in  thickness,  seen 
in  the  bluffs  at  Quincy,  at  the  base  of  the  loess.  He  says :  ^'  These 
two  ancient  soils,  the  one  at  the  base  of  \he  loess,  and  the  otler 
below  the  boulder  clay,  belong  to  distinct  and  widely  separated 
periods,  and  indicate  two  distinct  emergencies  of  the  surface 
durifig  the  Qdtternary  period,  and  the  prevalence  of  conditions 
suitable  for  the  growth  of  an  arboreal  vegtation." 

If  the  state  of  Illinois  were  divided  by  parallels  running  east 
and  west  into  three  belts  of  equal  width,  the  foregoing  counties  in 
which  there  have  been  discoveries  of  this  ancient  peat  or  soil,  would 
be  found  grouped  as  follows.  In  the  northern  third  or  first  belt 
are  Cook,  Grundy,  M^ Henry,  DeEalb,  Carroll,  Whiteside  and  Lee. 
In  the  central  belt  are  the  following  counties :  Jersey,  Hancock, 
Woodford,  McLean,  Tazewell,  Menard,  Morgan^  Fulton,  Adams, 
Peoria,  and  Sangamon.  In  the  most  southern  belt,  are  the  counties 
of  Marion,  St.  Clair,  Perry,  Jackson,  and  Monroe.  The  following 
border  on  the  Mississippi  River :  Jersey,  St.  Clair,  Hancock,  Jack- 
son, Adams,  Carroll,  Monroe.  Cook  County  lies  along  Lake 
Michigan.  M^Henry  is  in  the  extreme  northern  portion  of  the 
state,  bordering  on  the  state  of  Wisconsin,  and  Jackson  County  is 
within  forty-five  miles  of  the  extreme  southern  extremity  of  the 
state. 

VEGETABLE  REMAINS   IN  THE   DRIFT   DEPOSITS   OF  INDIANA. 

In  the  state  of  Indiana,  I  have  been  able  to  gather  the  following 
references  to  vegetable  remains  in  the  drift,  from  the  annual  re- 
ports of  the  State  Geologist,  Prot  E.  T.  Cox. 

In  Franklin  County^  Dr.  Bufus  Hammond  mentions,  that  in 
cligging  wells  on  the  uplands,  the  roots  and  bodies  of  trees  are  fre-« 
quently  found  at  various  depths,  from   ten  to  thirty  feet;   and 
occasionally  limbs  and  leaves  are  found  with  vegetable  mould,  at 
vai'ious  depths. 

In  Vermilion  County^  reported  by  Mr.  Frank  H.  Bradley,  the 
prairie  between  Eugene  and  Penyvifle  is  underlain,  at  the  depth  of 
about  sixty  feet,  with  a  layer  of  ^'  soft,  sticky,  bluish  mud,  filled 
with  leaves,  twigs,  and  trunks  of  trees,  six  to  ten  feet  thick,  locally 
known  as  'Noah's  barn  yard.'" 
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In  Clay  County ^  Mr.  Cox  8a3'8,  that  "trunks  and  branches  of 
co-existing  trees  are  sometimes  met  with  in  sinking  wells  to  the 
lower  stratum  of  sand  and  gravel."  This  stratum  of  sand  and 
gravel  is  supposed  to  be  that  lying. below  the  main  mass  of  the 
drift,  and  near  the  rock.  . 

in  Dubois  County^  Mr.  Cox  reports,  that  lacustrine  deposits  are 
found  when  digging  wells  in  the  level  platean,  in  the  northwest 
part  of  the  county  between  Ireland  and  Otwell.  Near  the  base  of 
these  beds,  which  consist  of  clay^  and  impalpable  iAercalatioifs  of 
siliceous  material,  interrupted  by  thin  layers  of  ^luicksand,  "  are 
found  the  remains  of  shrubs  and  grape-vines  of  enoi;mous  growth, 
indicating  perhaps,  the  luxuriance  of  a  wanner  cliihe." 

In  Parke  County^  Dr.  B.  C.  Ilobbs  reports,  that  in  the  blue  drifb- 
clay,  which  is  there  generally  underlain  by  a  water-bearing  stratum 
of  sand  and  gravels-Are  often  found  large  pieces  of  timber,  which 
have  a  fibre  that  shears  a  strong  resemblance  to  that  of  cedar  and 
pine.  ,  • 

In  Ohio  County^  Mr.  R.  B.  Warder  has  reported  a  section  of  a ' 
well  sunk  on  Sec.  G,  T.  8,  R.  2,  W.  In  that  section,  at  the  depth 
of  thirtj^-t>vo  feet,  were  fdond  rotten  leaves,  twigs,  black  soil,  and 
wood  with  a  thick  bark,  believed  to  be  walnut.  These  lay  below 
a  blue  clay,  quite  hard  and  without  pebbles,  and  above  a  layer  of 
nineieet  of  coarse  sand,  gravel  and  fragments  from  the  underlying 
limestone. 

In  Dearborn  County^  Mr.  Warder  mentions  a  bed  of  blue  clay, 
at  Lawrenceburg,  exposed  only  in  time  of  low  water  in  the  Ohio 
River,  containing  abundant  remsdns  of  leaves  and  logs,  pointed 
out  to^him  in  1871,  by  Prof.  E.  Orton,  of  the  Ohio  sur\-ey.  In 
these  remains  have  been  identified  the  fruit  of  the  Buckeye,  Birch, 
Hickory  and  Buttonwood.  This  deposit  has  also  been  met  in  a 
well  ial  Lawrenceburg,  and  in  another  at  Aurora. 

In  Smtzerland  County ,  is  another  excellent  exposure  of  the 
same  character,  at  Hickman's  Landing,  two  miles  above  Florence. 
A  bed  of  blue  clay,  containing  leaves  and  sticks^  four  and  a  half 
feet  thick,  .may  be  traced  in  the  river  bank  without  interruption  for 
twenty  rods,  and  appears  at  points  abovi^  and  below.  Both  here 
and  at  Lawxenceburg,  ochreous  deposits  of  sand  and  gravel  accom- 
pany Xhe  blue  clay,  both  above  and  below.  This  deposit  has  been 
met  in  wells  dug  ,at  points  more  remote  from  the  river,  In  one  in* 
stanoe  more  than,  a  quarter  of  a  mile  away,  showing,  as  remarked 
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by  Mr.  Warder,  that  it  is  not  a  recent  deposit  upon  the  shore,  but 
that  it  is  older  than  the  terrace  which  contains  it.  Mr.  Warder 
regards  the  deposit  at  Lawrenceburg,  which  is  twenty  or  thirty 
feet  lower  than  that  at  H'ckman's  Landing,  as  not  contemporary 
with  it,  but  intimates  that  they  are  both  due  to  ancient  conditions 
of  the  flood  plain  of  the  Ohio  River,  and  have  the  nature  of  drift- 
wood accumulations. 

In  Clarke  County ^  Mr.  W.  W.  Borden  says,  that  mastodon  re- 
mains are  found  in  the  gravel  or  altered  drift,  in  the  township  of 
Utica,  at  as  great  a  depth  as  thirty  feet,  indicating,  in  his  opinion, 
the  situation  of  an  old- river  or  lake  bed.  Also  in  the  high  lands 
about  Charleston,  and  on  other  elevated  positions  in  that  town, 
pine  or  cedar  wood  bd?  bceii  e'xlvumed  in  •the/^king  of  wells. 

in  Warren  County^  Mr.  John-Collett  has  observed  vegetable 
remains.  He  says :  "Near  the  base  of  the  drift,  and  resting  on  a 
broken  and  irregular  floor  of  coal  measure  rocks^  is  generally'  found 
a  bed  of  potter's  clay,  somewhat  intermixed  with  quicksand  and 
black  muck.  A  marked  bed  of  the  latter  was  met  in  sinking  the 
West  Lebanon  shaft.  From  the  soil  or  peat  here  discovered,  a 
large  number  of  roots  of  trees,  shrubs  and  plants  of  pre-glacial 
age,  were  found  in  situ^  specimens  of  which  were  placed  in  the 
State  Cabinet." 

Itt  Knox  County,  Mr.TJoUett  mentions  an  unctuous  clay,  filled 
with  vegetable  matter,  known  as  "Noah's  cattle  yard,"  as  con- 
stantly  met  with  in  shafts  and  bores,  about  Sanborn  and  elsewhere. 

Of  these  counties  of  Indiana  in  which  vegetable  remains  have 
been  observed  in  the  drift,  the  following  arejn  the  central  third  of 
the  state:  Franklin,  Vermilion,  Clay,  Parke  and  Warren.  The 
remainder  are  in  the  southern  third,  viz.,  Dubois,  Ohio,  Switzerland, 
Dearbo|:n,  Clarke  and  Knox.  Some  of  these  are  in  the  extreme 
southern  portion,  bordering  on  the  Ohio  River.  In  the  northern 
third  portion  of  the  state  there  is  no  record  of  the  discovery  of 
peat  or  vegetation  in  the  drift,  in  the  reports  of  the  State  Geolo- 
gist since  1869.  ^ 

VEGETABLE   REMAINS   IN  »THB.trtir^  b^PO^ITS   oi*.  OHIO.  - 

So  far  as  known  to  the  writer,  Col.  Chasi  Whittlesey  published 
the  first  authentic  information  concerning  the  existience  of  vege- 
table remains  in  the  drift  deposits  9f  the  state  of  Ohio.  Reference 
is  here  made  to  his  article  in  the  "  Smithsonian  Contribdtionsr  to 


y 
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Knowledge."  No.  197,  on  the  Fresh-water  glacial  drid  of  the  north* 
western  states.  The  localities  he  names  and  describes  at  some 
length  will  here  be  simply  enamerated.  He  remarks  that  the 
timber  is  similar  throughout,  and  that  the  vegetation  extends  to 
all  members  of  the  drift.  The  trees  consist  mainly  of  white  cedar, 
but  there  are  also  pine,  spruce,  willow,  and  other  species. 

In  Pranklin  County y  an  artesian-well  at  Columbus,  encountered 
a  log  in  the  blue  clay  at  the  depth  of  about  twenty-five  feet. 

In  Bo8$  County^  fragments  of  cedar,  mineralized  by  sulphide  of 
iron,  were  taken  fh>m  a  well  in  clay  at  the  depth  of  thirty  feet  \ 
150  to  200  feet  aboye  the  Scioto  River. 

In  JSummit  County^  a  hard,  well-preserved  and  natural  specimen 
of  wood,  resembling  Osage  orange,  was  taken  from  a  well  at  the 
depth  of  forty-two  feet,  544  feet  above  lake  Erie. 

In  Cuyahoga  County^  at  Dover,  specimens  of  fine-grained  cedar 
are  said  to  have  been  taken  from  twelve  feet  below  the  surface, 
153  feet  above  lake  Erie.  At  Cleveland,  there  is  a  persistent 
layer  of  vegetable  remains  which  renders  the  water  of  many  wells 
unfit  for  use,  occurring  about  eighteen  feet  below  the  surface,  and 
fifty  feet  above  lake  Erie.  This  layer  is  between  the  '^  gray  sand," 
and  the  blue  clay,  and  probably  corresponds  to  that  below  the 
loess  discovered  in  the  state  of  Illinois. 

In  HamiUon  County.  Of  fifty-nine  wells  examined  in  this  county, 
six  had  muck  beds  with  evident  vegetable  debris.  These  vegetable 
remains  were  embraced  in  clay  beds,  or  were  below  the  blue  clay. 

At  eight  miles  east  of  Oxford,  in  Butlef  County^  Mr.  David 
Christy  has  described  an  upright  stump  and  the  roots  of  a  tree,  in 
the  blue  clay  at  the  depth  of  thirty  feet. 

In  Athens  County ^  Dr.  Hildreth  notices  several  instances  of  logs 
in  the  bine  clay,  some  of  them  forty  feet  below  the  surface. 

In  Scioto  County^  numerous  instances  are  mentioned  of  half 
decayed  logs  being  found  in  wells  on  the  uplands,  fh>m  200  to  400 
feet  above  the  Ohio  river. 

Vegetable  remains  have  also  been  found,  according  to  Mr. 
Whittlesey,  in  the  drift  in  Madison  and  Stark  counties.^ 

*In  Vol.  II  of  the  Geologioal  Surrey  of  Ohio,  Final  Report,  Dr.  Kewberry  ennm- 
emtes  many  of  these  localities,  and  adds  also  a  reference  to  Grand  Sable,  south  shore 
of  Lake  Superior,  in  the  state  of  Michigan,  described  by  Sir  W.  E.  Logan.  Geology 
of  Canada,  1863,  p.  906.  This  Tegetation  lies  below  800  feet  of  stratified  sand  and 
grarei.  He  also  mentions  the  bed  at  Toronto,  described  by  Prof.  H.  T.  Hind,  consist 
lag  of  wood  at  a  depth  of  ten  to  twenty  feet,  imbedded  in  yellow  day. 
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In  Highland  County^  Mr.  Edward  Orton  reports  the  occurrence 
in  nlimeroas  instances  of  a  layer  of  vegetation  and  vegetable 
moald.  He  says :  '^  A  fact  of  great  interest  in  this  connection  is, 
that  the  uppermost  beds  of  the  blue  clay  give  proof  of  haviiig 
been  a  soil  in  their  earlier  history.  They  are  discolored  by  veg- 
etable mould,  and  mingled  with  their  substance  are  found  quan- 
tities of  leaves,  branches,  roots  and  tree-trunks.  In  some  districts 
of  the  county,  this  forest  soil  seems  everywhere  present.  It  was 
met  with  in  one  instance  in  wells  that  were  dug  on  four  adjacent 
or  closely  contiguous  farms.  In  the  village  of  Marshall,  eleven 
wells  out  of  about  twenty  that  have  been  dug  there,  are  known  to 
have  reached  this  stratum  of  vegetable  matter.  In  some  instances, 
the  water  that  is  found  at  this  horizon,  is  so  impregnated  with  the 
decomposing  products,  as  to  be  unfit  for  use. 

^'The  presence  in  this  buried  soil  of  leaves  of  existing  species 
of  forest  trees,  is  vouched  for  by  many  careful  and  well-informed 
observers.  These  leaves  are  identified  as  those  of  sycamore, 
hickory,  beech,  etc.  £ut  by  far  the  largest  portion  of  the  wood 
that  comes  to  light  is  coniferous,  and  is  commonly  pronounced  to 
be  red  cedar: 

'^The  depth  at  which  this  forest  soil  is  met  with,  varies  from  ten 
to  ninety  feet,  but  in  a  large  majority  of  cases  it  will  be  found  to 
be  between  twenty  and  thirty  feet.  It  is  much  more  frequently 
met  on  the  high  plateaus,  than  in  the  valleys." 

In  Montgomery  County^  Prof.  Orton  also  mentions  the  occurrence 
of  fVagments  of  drifted  coniferous  wood  in  the  lower  drift  deposits. 

In  Clermont  County^  Prof.  Orton  has  given  a  detailed  account 
of  the  drift  deposits  in  the  first  volume  of  the  final  report  of  the 
Geological  Survey  of  Ohio.  Here  the  "  forest  bed"  as  it  has  been 
named  by  the  Ohio  geologists,  pertains  to  the  uplands,  and  is 
accompanied  with  ochreous  and  irony  deposits  that  sometimes 
yield  forty  per  cent,  of  metallic  iron.  It  unmistakably  overlies 
the  boulder  clay,  which  is  blue,  plastic,  and  filled  with  striated 
boulders.  Over  it  is  a  yellow  clay,  abounding  with  gravel,  with 
occasional  boulders,  the  thickness  of  which  seldom  exceeds  ten 
feet.  The  forest  bed  is  sometimes  replaced  by  the  iron  ore  bed  ; 
in  which  case  the  overlying  gravelly  yellow  clay,  is  replaced  by 
a  whitish  clay  six  to  eight  feet  in  thickness.  The  iron  ofe  bed 
is  found  to  prevail  in  the  low  and  flat-lying  portions  of  the  county. 
An  extensive  area  is  found  in  the  northeastern  portions  of  the 
county,  which  extends  through  Brown,  and  into  Highland  county. 
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.  In  Clarke  County^  Prof.  Orton  says,  in  the  western  portion  it  is 
no  uncoinmon  tiling  to  come  on  these  old  growths  at  a  depth  of 
twenty  or  thirty  feet  below  the  surface.  They  occar  above  the 
boulder  clay  and  lie  below  the  yellow  gravelly  clay. 

In  Ashtabula  County^  Mr.  M.  C.  Read  describes  and  illustrates 
by  a  wood-cut,  the  position  of  an  old  swamp  lying  along  one  of 
the  lake  ridges.  It  is  covered  with  about  six  feet  of  drifted  sand, 
and  lies  on  the  boulder  clay.  Mr.  Read  says :  ''  This  swamp  had 
its  origin  in  the  causes  which  raised  the  clay  ridge  into  its  position, 
and  was  evidently  filled  with  swamp  vegetation  at  the  time  the 
waters  of  the  lake  were  resting  upon  the  northern  slope  of  this 
ridge,  the  winds  gradually  carrying  the  beach  sand  over  the  crest 
of  the  ridge  into  the  swamp  basin,  and  in  time  burying  it  beneath 
the  constantly  accumulating  sandy  deposit." 

In  Lake  County^  Mr.  Read  mentions  the  occurrence  of  a  frag- 
'  -ment  of  wood  about  eighteen  inches  long  and  four  inches.|n  diam- 
eter, '^imbedded  in' the' blue  clay,  in  such  a  position  that  it  must 
have  been  deposited  there  with  the  clay.''  This  was  about  twenty 
feet  below  the  top  of  the  blue  clay,  a^  tWfty-twQ  feet  below  the 
surface' of  the  ground.  This  being  found  within  the  bluffs  of 
Chagrin  river,  has  been  referred  by  Dr.  Newberry,  to  the  i*ecent 
action  of  the  stream  on  the  bluffs  in  freshet  time,  when  the  current, 
perhaps  bearing  along  large  quantities  of  ice  and  driftwood,  may 
have  forced  the  stick  into  the  softened  clay. 

Of  these  counties  in  Ohio  in  which  there  are  published  records 
of  the  finding  of  vegetable  remains  in  the  drift,  the  following  are 
in  the  northern  third  of  the  state :  Summit,  Cuyahoga,  Ashtabula 
and  Lake.  There  are  only  two  in  the  central  third  —  Franklin 
*  and  Stark.  The  rest  are  in  the  southern  portion  of  the  state : 
viz.,  Ross,  Hamilton,  Butler,  Athens,  Madison,  Highland,  Mont- 
gomery and  Clarke. 

In  the  state  of.  WiscoifsiK,  I  have  been  able  to  learn  only  of 
those  localities  named 'by  Col.  Whittlesey,  viz, :  Walworth  County; 
From  a  well  eighteen  feet  deep  wood  resembling  white  cedar  was 
taken,  250  feet  above  lake  Michigan  (I.  A.  Lapham). 

In  Outagamie  County^  at  Appleton,  specimens  of  the  red  cedar 
were  found  in  a  red  clay,  eighteen  feet  .below  the  surface,  one 
hundred  a&d  fifty  feet  above  lake  Michigan  ;  also  white  cedar  from 
thirty  feert  below  the  surface,  in  the  same  red  clay. 

In  Brown  County^  specimens  of  wood,  apparently  willow,  were 
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taken  from  the  red  clay,  fifty  feet  below  the  surface  of  Lake  Michi- 
gan, at  Green  Bay. 

On  the  authority  of  G.  H.  Berkins,  a  log  of  "tamarack,"  over 
a  foot  in  diameter  was  found  five  miles  east  of  Geneva,  in  Wal^ 

« 

worth  County  J  at  the  depth  of  twenty-five  feet,  in  digging  a  well. 
Clay  was  above  it,  and  gravel  and  stones  below. 
Of  these  localities,  Walworth  County  is  in  the  southern  portion 

•  

of  the  state,  bordering  on  Illinois.     The  others  are  in  the  Green 
Bay  Valley,'  in  Zhe  northeastern  portion  of  the  state. 

VEGETABLE   REMAINS   FROM  THE   DRIFT   DEPOSITS    OF   M^NESOTA. 

At  Albert  Lea  in  Freeborn  County^  which  borders  on  the"  state 
of  Iowa,  a  muck  is  struck  in  some  wells,  at  the  depth  of  thirty- 
eight  pr  fw'tj'  feet,  Wbich  not  only  fhrnishes  a  water  unfit  fo^  use, 
but  ih  reported  to  contain  sticks  and  other  vegetable  matter.  This 
muck  bed  lies  below  a  coarse  gravel  which  extends  to  the  surface. 

In  Windom  township.  Mower  County,  which  lies  next  east  of 
the  last  named  county,  a  bed  of  peat,  accompanied  with  more  er 
less  wood  which  appears  to  be.  white  cedar,  has  been  discovered 
at  a  depth  of  aboli|^fty/ect  below  the  general  level.  One  large 
piece  of  wood  wa&  two  fpet  long  and  ten  inches  in  diameter.  The 
wood  lies  uniformly  on  the  upper  surface  of  the  peat  bed.  This 
bed  extends  over  most  of  the  county,  having  been  met  in  Sec.  13, 
Pleasant  Valley,  and  also  in  Bennington  and  Leroy  townships. 

Similar  deposits  of  peat  have  been  met  in  the  southwest  part  of 
Fillmore  County,  in  digging  wells ;  alsain  Jordan  township  in  the 
northwest  part,  in  digging  wells,  but  the  particulars  of  these  locali- 
ties have  not  yet  been  learned.^  It  is  only  known  that  this  portion 
r  of  the  state  occupies  a  high  tract,  in  some  portions  forming  a 
dividing  ridge  that  turns  the  natural  drainage  north  and  south — 
into  the  Root  River^  or  into  the  Cedar.  The  region  is  one  of  high 
prairie.    The  materials  that  overlie  this  peat  bed  have  not  been 

>  Since  this  paper  was  read  the  following  particulars  concerning:  this  bed  or  vegeta- 
tion have  been  obtained  in  Fillmore  County.  They  were  derived  Ironi  Calvin  E.  Hunt- 
ley, of  Spring  Valley,  who  has  drilled  a  great  many  wells  in  that  part  of  the  coUnty : 

N.  W.  4  Sec.  6.  Beaver  Tp.  It  occurs  here  in  a  well  dug  on  a  ridge,  in  a  prairie 
country,  thirty  feet  below  the  surface,  and  is  two  or  tliree  feet  tliick.  It  lies  below  blue 
clay,  and  over  a  blaclc  clay.    Land  of  Andr^jw  Oleson  (Early). 

Sec^S.  Sumner  Tp.,  on  Wm.  Bailey's  land.  It  here  lies  thirty*five  feet  down,  and 
consists  entirely  of  wood. 

Sees.  29  and  30.  Jordan  Tp.  Wood  was  taken  fh>m  wells  -dug  by  M.  Robins  and 
by  Geo.  Hare.   This  is  in  a  high  prairie  country. 
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closely  observed  except  at  one  point — in  Windom  township.  The 
peat  there  underlies  a  gravelly  clay,  which  containir  ^boulders,  and 
has  the  appearance  of  being  the  same  as  the  glacier  deposit,  known 
as/unmodified  drift.  The  same  underlies  it.  Some  portions  of 
the  clay  above  the  peat  are  reported  to  be  blue,  while  the  whole 
of  that  which  underlies  it  is  of  a  blue  color.  The  ]¥hole  county  is 
/heavily  covered  with  this  drift  clay,  and  some  very  large  boulders 
of  granite  lie  near  the  wells  that  have  met  tills  peat. 

In  Scott  County y  pieces  of  gr^pe-yine  were  taken  out  of  the 
well  drilled  »^  Belle  Plaine  for  salt,' at  the  depths  of  ninety-three 
feet  and  at  16$  i)^t.  The  former  was  in  a  clay  bed  of  six  feet 
thickness,  embraced  in  sand,  and  the  latter  in  gravel  and  coarse 
sand. 

At  Campbell  Station,  near  Breckenridge,  in  the  western  part  of 
the  state,  a  piece  of  wood  resembling  white  cedar  was  taken  from 
a  well  drilled  five  inches  in  diameter,  at  the  depth  of  173  feet. 

It  is  only  necessary  in  closing  this  paper,  to  call  attention  to 
the '  singular  fact  that  the  geologists  of  the  states  of  Illinois, 
Indiana  and  Ohio,  differ  in  regard  to  the  position  of  this  bed  of 
vegetable  remains  so  common  in  those  three  states.  Those  of 
Illinois,  at  least  Mr.  Wprthen;  the  state  geologist,  recognize  two 
beds  of  vegetable  remains,  one  b^ow'the  loess,  and  the  other 
below  the  glacial  drift.  That  below  the  glacial  drift  is  the  most 
frequently  mentioned,  and  corresponds  to  that  which  in  the  state 
of  Indiana  is  stated  *to  be  below  the  boulder  clay.  Prof.  Orton  as 
emphatically  states  that  the  forest  bed  lies  over  the  boulder  clay 
in  the  state  of  Ohio,  and  has  dwelt  at  length  on  the  succession  of 
changes  that  accompanied  the  formation  and  final  burial  of  this 
ancient  soil.  He  has  given  an  illustrated  section  of  the  drift  de- 
posits at  Lawrenceburg,  Indiana,  the  same  locality  that  has  been 
described  by  the  geologists  of  Indiana,  and  there  cUso  places  the 
forest  bed  above  the  boulder  clay,  at  least  ifi  deposits  that  are 
said  to  be  later  than  that  clay. 

The  very  general  interest  that  is  being  excited  in  this  country, 
in  the  problems  that  invest  the  history  of  the  drift,  is  my  only 
excuse  for  calling  your  attention  to  the  prevalence  of  vegetable 
remains  in  the  drift  of  the  Northwest,  and  to  the  wide  divergence 
of  high  authorities  on  the  relative  position  of  those  remains,  in 
.  respect  to  the  boulder  clay. 
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On  thb  Parallblisic  of  Devonian  Outcrops  in  Michigan  and 
Ohio.    By  N.  H.  Winchell,  of  Minneapolis,  Minn. 

It  is  well  known  that  there  is  a  difference  of  opinion  respecting ' 
the  age  of  s^me  of  the  Devonian  limestones  of  Michigan,  Illinois 
and  Ohio.  The  geologists  of  Michigan,  led  by  Prof.  A.  Winchell, 
have,  on  paleontological  grounds,  referred  most  of  the  Devonian 
limestones  to  the  Hamilton,  crowding  the  Corniferoas  downward, 
and  reducing  it  to  insignificant  dimensions,  or  extending  it  over 
the  breccia  that  characterizes  the  limestone  lying  next  below.  On 
the  other  hand,  Dr.  Newberry  of  the  Ohio  Survey,  has  given  the 
name  Corniferous  to  the  whole  group  of  Devonian  limestones,  re- 
marking that  the  Hamilton  characters  that  pervade  the  blue  lime- 
stone are  overbalanced  by  Corniferous  characters.  The  ground 
taken  by  Prof.  Worthen,  of  Illinois,  is  intermediate  between  these 
two  extremes.  He  regards  the  upper  portion  of  the  limestones  of 
the  Devonian,  characterized  generally  by  a  blue  color  and  by 
argillaceous  impurities,  as  the  real  equivalent  of  the  New  York 
Hamilton.  The  lower,  light-colored  limestones,  he  assigns  to  the 
Corniferous  and  Onondaga  of  New  York  state. 

The  writer  has  spent  several  seasons  of  field-work  in  each  of 
the  states  of  Michigan  and  Ohio,  his  field,  in  the  latter  state,  lying 
contiguous  to  the  state  of  Michigan,  and  has  been  able  to  compare 
the  Devonian  limestones  as  they  occur  in  their  natural  outcrops, 
one  with  another,  in  the  two  states,  and  to  follow  the  strikes  of 
the  various  members  from  one  state  to  the  other,  under  the  sole 
guide  of  lithological  evidence.  It  must  be  admitted,  that  until 
the  paleontology  of  a  formation  has  been  exhaustively  worked  out, 
when  there  are  no  characteristic,  reliable  typical  species  univer- 
sally accepted  as  authoritative,  the  surest  evidence  of  the  horizon- 
tality  of  separate  exposures  of  rock,  is  identity  of  lithology,  at 
least  when  the  localities  in  question  are  in  adjoining  states. 

There  are  three  horizons  involved  in  this  question  of  the  paral- 
lelism of  outcrops  in  the  Devonian  limestones,  which  have  each  a 
marked  and  distinctive  lithological  character.  In  descending 
order,  the  first  distinctive  horizon  is  the  blue  limestone.  Dis- 
regarding for  the  present  the  question  whether  this  embraces  the 
Tully  limestone  of  New  York,  a  point  not  3'et  established,  taken 
together  it  is  one  of  those  landmarks  in  the  geological  scale  by 
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which  the  field-geologist  reads  his  bearing  and  establishes  his  posi- 
tion in  regions  that  are  otherwise  very  obscure  and  uncertain. 
Being  a  firm  and  enduring  rock,  it  is  more  frequently  seen  in  out- 
crops than  any  of  the  other  Devonian  strata.    The  second  marked 
and  distinctive  horizon  is  that  of  the  crystalline  and  crinoidal 
limestone,  seen  in  the  quarries   at  Delhi,  in  Delaware  County, 
Ohio.     This  limestone  is  easily  identified  from  central  Ohio  to  the 
northern  portion  of  the  Lower  Peninsula  of  Michigan.     The  third 
distinctive  lithological  horizon  is  at  the  base  of  the  Devonian. 
It  is  of  an  arenaceous  character,  and  sometimes  constitutes  a  layer 
of  white  sand  six  or  teu  feet  in  thickness.     It  is  commonly  re- 
garded as  the  equivalent  of  the  Oriskany  of  New  York.     The 
following    attempt  at    parallelizing  the    Devonian   outcrops    in 
Michigan  and  Ohio,  is  based  on  these  three  horizons  primarily, 
and  is  intended  to  express  simply  lithological  resemblance,  and 
inferentially  stratigraphical  equivalency.     In  this  table  is  included 
the  Water-lime  of  Ohio,  as  it  has,  in  the  opinion  of  the  writer 
been  referred  wrongly  in  one  of  its  phases,  to  the  Corniferous. 
To  explain  more  fully — the  Water-lime,  as  seen  in  northwestern 
Ohio,  exhibits  three  distinctly  different  lithological  aspects.     One 
consists  of  thin-bedded,  fine-grained,  drab  limestone  (Phase  No. 
3),  with  bedding  frequently  distorted  or  wav}' ;  another  consists 
of  a  harsh,  heav3*-bedded,  magnesian  limestone,  with  wavy  bitu- 
minous, or  carbonaceous  films  (Phase  No.  2).     And  the  third  is 
the  well  characterized  breccia  of  Mackinac  and  Put-iu-bay  Islands, 
which  occurs  irregularl}'  and  in  patches  in  the  formation,  obliterat- 
ing the  true  bedding  and  hardening  the  whole  mass  (Phase  No.  1). 
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Phtsical  Geology  of  Lake  Superior.     By  Chas.  Whittlbset, 
of  Cleveland,  Ohio. 

ABSTRACT. 

An  outline  sketch  of  the  trap,  Potsdam,  sandstone,  the  Huronian 
or  Azoic  slates  and  the  granitic  centres  of  the  American  portion  of 
the  Lake  was  exhibited  to  the  section  (see  reduced  map  herewith, 
and  note).    On  this  are  large  arrows  showing  the  dip  of  the  cop- 
per-bearing beds  towards  the  Lake  on  both  shores.     Four  general 
profiles  across  the  Lake  were  shown  on  another  sheet,  numbered 
one,  two,  three  and  four,  commencing  at  Point  Keweenaw  and  Isle 
Royale  on  the  east.    No.  2  passes  through  the  Misery  River  region 
and  Silver  Mountain,  all  bearing  northwest  and  soutlieast,  at  right 
angles  to  the  basin  of  the  Lake.    No.  3  cuts  the  Apostle  islands 
and  Montreal  River,  and  No.  4  the  west  end  of  the  Lake  near 
Duluth. 

There  are  ten  local  profiles  on,  or  near  the  general  ones,  showing 
the  mode  of  protrusion  of  the  trap  overflows  through  the  Potsdam 
sandstone.     (See  cuts  inserted  below.) 

On  the  American  side  I  have  not  met  with  well  defined  Lau« 
rentian  masses  except  in  the  Vermilion  Lake  region.  The  great 
central  masses  of  granite  and  syenite  around  which  the  Hurqpian 
slates,  quartz  and  trappose  masses  are  formed,  do  not  meet  the 


FBOFIUB  OF  THB  ROCK0  UP  HOLLOW  ROCK  CREEK,  NEAR  PORTLAKD,  G  OF  MAP- 

GOURSB  XORTH-WB8T  THREE  MXLB8. 


A,  Amygdaloidal  trap  and  altered  slaty  aandstone— dip  Southeast  by  East  12  to  18 
deg.  Bf  Close-grained  dark-blne  trap  ~  dips  East  12  to  26  deg.  C,  Dark  colored  mass, 
in  places  slaty,  like  the  hornblende  slate  of  St.  Louis  River.  D,  Clay  and  boulder  drift, 
d,  d',  d",  d'",  d"",  dykes.   ▼,  v',  ▼",  t'",  Spar  yeins,  1, 2, 8,  i,  5,  chutes  in  the  stream. 
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nrrsnsiYX  quastz  aitd  basalt  in  horizontal  coluhnSi  J  or  map-— two  mpss 

SAST  or  LOW  BUSH  BIVEB. 


A.  Dyke  of  quartz  80  to  100  feet  thick,  a,  a,  Blocks  of  quartzite  Intrndiiig  into  the 
trap  B.  ^  Trap,  bedded  horizontally.  £,  Colnmnar  trap,  horizontal,  pentagons  8  to 
8  ft.  in  dnmieter.    e,  e,  Brecciatod  mass  and  spar. 


FBOFILE  or  THB  BOOKS  ON  THE  HANTDOWISH  BIYBB,  K  OF  KAF— COUBSB  NOBTH- 

WBST.     DISTANCE  BIGHT  OB  TBN  XILB8. 


'M 

% 

a.  a.  a.,  Peaks  of  quartzite  and  greenstone,  800  to  000  feet  above  Lake.  H.  B.,  Horn- 
blende  Bocks  resting  upon  eienlto  and  granite,  o.  c,  FaUs  of  the  ManidowUh.  b., 
Trap  dyke. 

1.  Bed  of  red  trap  200  fleet  thick.  2.  Bed  of  hornblende  rocks,  1,000  feet  thick. 
Hnronian.  8.  Bed  of  red  trap,  200  fset  thick.  4.  Bed  of  coarse,  variegated,  altered 
sandstone,  100  feet  thick.  5.  Bed  of  red,  flinty,  thin  bedded  trap,  25  feet  thick.  6. 
Bed  of  coarse,  red,  trap  breccia,  50  fteet  thick.  7.  Bed  of  altered,  shaly  sandstone, 
20  fbet  thick.  8.  Bed  of  altered  sandstone,  thickness  not  seen.  9.  Bed  of  amygdaloid 
trap,  red,  breccia  and  altered  sandstone,  in  alternate  beds  extending  into  the  Lake  at 
least  2,000  feet  thick.    Dip  not  regular,  varying  fh)m  6  to  15  deg.  Southeast.  ^ 

descriptions  of  the  Laurent'ian  given  by  the  Canadian  geologists. 
A  comparison  is  given  in  the  following  table :  — 
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COMPARISON    OF     THK     LAURENTIAN    ROCKS    OF    CANADA    WITH    THB 

SO-CALLED   AMERICAN  LAURENTIAN. 


Canada. 

Mica  schists  predominant ;  gneiss 
and  gnetssold  rocks.  Crystalline 
limestone  in  contorted  beds — topo- 
graphy low  mountain  ranges. 

In  the  Adirondacks  dinllage  and 
hypersthone  rocks,  with  high  moun- 
tain peaks. 

The  formation  characterized  by 
magnetic  iron  ore,  In  veins  and 
masses. 


Michigan. 

Sienltic  rocks  predominate  in  ir- 
regular domes  of  various  height, 
occasionally  granite;  mica  schists 
rare. 

In  some  instances  bunches  and  ir- 
regular veins  of  quartz  with  sulpha- 
rets  of  iron,  copper  and  lead. 

No  masses  of  iron — no  crystalline 
limestone. 

WisgoNSiN. 

Slenite,  granite  in  doiiK,  and 
rarely  Hornblend  slate — trap  erup- 
tions and  dykes  rare. 

K.  East  Minnesota. 

Slenite,  granite  and  mica  schists 
with  gneissold  rocks;  rarely  ba- 
saltic dykes. 


The  difference  in  the  rocks  as  above  represented  is  too  great  to 
allow  them  to  be  classed  as  one  geological  formation. 

These  crystalline  rocks  are  for  convenience  called  granitic 
although  there  are  intercalations  of  hornblendic  rocks,  and  rarely 
of  dykes,  and  of  bunches  of  quartz.  The  prevailing  rocks  in  those 
most  ancient  of  all  the  rocks  of  Lake  Superior,  are  granite  and 
syenite  alternating  without  any  apparent  regularity. 

There  is  so  great  a  similarity  in  the  analyses  of  lava,  eruptive 
trap,  and  the  older  granites,  that  I  am  forced  to  the  conclusion 
that  they  have  a  common  origin,  and  if  any  of  them  represent  the 
central  mass  ofihe  earth  in  a  state  of  fusion,  all  of  them  do. 
This  question  enters  into  my  verbal  references  to  the  map  and 
profiles,  in  discussing  the  process  of  upheaval,  of  the  copper-bear- 
*  ing  series.  With  the  origin  of  these  rocks  the  connection  is  ob- 
vious. 

The  primordial  granites  represent  the  slow  cooling  process  of 
the  central  mass,  and  thus  became  highly  crystalline.  The  in- 
trusive trap  beds  represent  the  dynamical  results  of  subsequent 
pressure,  upon  the  central  mass  caused  by  cooling  and  contraction. 
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Dykes  and  volcanoes  represent  a  feebler,  more  recent  and  less 
general  mode,  of  the  same  action ;  as  the  contraction  lessened. 
There  is  in  this  later  form  of  action,  which  is  local,  no  capacity  to 
raise  mountain  chains.  These  are  due  to  corrugations  of  the  crust 
acting  in  general  slowly,  but  giving  rise  to  an  interior  compression 
that  is  irresistible.  This  would  find  relief  along  the  lines  of  least 
resistance,  but  would  not  by  any  means  always  reach  the  surface. 
As  soon  as  water  was  formed,  sediments  were  immediately  and 
rapidly  laid  down,  in  the  depressions ;  giving  rise  to  the  stratified 
rocks ;  and  this  process,  together  with  the  hardening  process  of 
cooling,  continually  gave  strength  to  the  crust  of  the  earth.  The 
weight  of  the  sedimentary  rocks,  in  the  opinion  of  Professor  Hall, 
has  in  places  been  sufficient  to  sink  large  areas,  and  thus  create 
both  valleys  and  mountains. 

I  adopt  the  conclusions  of  Messrs.  Foster  and  Whitney,  and  of  ^j 
Dr.  Owen,  that  the  traps  of  Lake  Superior  are  eriiptive  overflows  / 
which  took  place  during  the  deposit  of  the  Potsdam  sandstone.        \ 

It  is  remarkable  that  these  outbursts  should  have  occurred,  in 
the  form  of  the  rim  of  a  basin  or  trough  of  such  magnitude ;  form- 
ing a  complete  circuit.  The  extent  of  the  included  area  is  like- 
wise remarkable. 

In  some  instances,  as  in  the  Marquette  region,  and  on  the 
Menominee  River,  the  eruptive  rocks  have  pushed  up  through  the 
Uuronian  beds,  cutting  them  and  the  Potsdam  at  the  same  time. 
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Between  the  Canadian  and  the  American,  Huronian  series  the 
resemblance  is  very  close ;  as  may  be  seen  in  the  following  con- 
trast. 


A  COMPARISON   OF  THE   HURONIAN  ROOKS   ON   BOTH    SHORES    OF 

LAKE   SUPERIOR. 


Canada. 

Silicions  and  coDglomerate  schists 
—  clayslate  — Jasper  conglomerate 
and  quartz  beds  very  heavy — rarely 
specular  iron  ore  in  veins. 

Crystalline  trap,  carrying  copper 
and  iron  pyrites  in  quartz  veins. 


Michigan. 

Silicious  schists, fine  grained  crys- 
talline limestone  and  quartzite,  in 
flattened  masses.  Earthy,  compact 
und  crystalline  trap,  charged  with 
iron  ore  segregated  in  irregular 
masses,  specular  and  magnetic. 

Wisconsin. 

Silicious  schists  on  the  Menom- 
inee ;  same  on  Bad  River,  with  belts 
of  quartzite  and  hornblende,  rocks, 
slaty  and  crystalline. 

The  relation  of  the  hornblendio 
division  (Ila)  on  Bad  River  is  much 
closer  with  the  Huronian  than  with 
the  copper-bearing  rocks  (see  tables 
of  analyses  herewith). 

Color  various,  charged  with  Iron 
oxides;  compact  and  crystalline 
trap  rare.  On  the  Menominee,  crys- 
talline sandstone;  on  Bad  River 
none.  Specular  and  magnetic  iron 
ore. 

Minnesota. 

Dark  colored  silicious  slates  val- 
ley of  the  St.  Louis ;  eruptive  rocks, 
faults  and  dykes,  frequent. 


Here  a  close  resemblance  is  manifest  between  the  Huronian 
systems,  on  the  Canadian  and  American  sides  of  the  Lake.  On 
both  shores  they  lie  beneath  the  Potsdam  sandstone  and  above  the 
granitic  or  Laurentian  series. 

There  are,  however,  minor  differences  in  the  excess  of  slates  and 
iron  ore  on  the  American  side  with  less  marble,  but  the  general 
characters  are  closely  alike. 
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For  the  present,  I  insert  a  belt  of  Iluronian  i^,  tindenieatli 
the  copper-bearing  trap  of  Point  Keweenaw,  from  Mt.  Houghton 
to  Long  Lake  in  Wisconsin,  although  it  docs  not  come  to  the  sur- 
face, between  Torch  Lake  and  the  Akogebe  Lake.  The  indications 
that  it  exists  not  far  beneath  the  southern  crests  of  the  trap  series 
in  this  space,  ore  numeruns. 

On  this  theory,  the  intruding  beds  and  masses  of  trap  were 
forced  out  into  and  over  the  Huronian,  in  places  raising  the  entire 
series  and  in  others  breaking  through  the  incumbent  Potsdam,  %ea 
in  an  unconsolidated  state  ;  and  in  many  instances  overflowing  the 
Potsdam  t>eds.  The  same  thing  occurred  on  the  north  shore  during 
the'  Potsdam  era,  but  the  enclosed  portions  were  less  and  the 
metamorpbic  action  comparatively  greater. 

There  are  two  classes  of  conglomerate — one  due  to  littoral  shore 
action,  as  at  the  Falls  of  St.  Louis  River  (see  profile  at  F),  which 

FALLS  OF  IT.  LOUIS  BIVZB.     F  OF  MAF. 


is  limited ;  and  another  to  friction,  connected  with  the  uplifting 
movements  more  general  and  prolonged,  but  analogous  to  the  brec- 
cias, which  may  be  seen  alongside  of  dykes  on  the  north  shore. 
Instances  of  the  last  form  of  conglomerate  are  shown  in  the  pro- 
files at  Presque  Isle,  Marquette  (A),  and  at  the  Falls  of  the  Amin- 


PKOriLB  A  — NBAS  kABqDBTTB— TBAT  FENBTRATIXO  SAmMTOm  AT  FBUQUB  ULS. 


A.  ProtmBiocior  trip,  a.  Drift,  b,  b',  b".  Red  laudatone  bedded— •OftoTabllr— 
10W«r  part  BlMivd.  c,  SamJ -breccia,  d.  Altered  Madatone,  wUb  nUooUUoai  «f 
qoutc,  calc-apar  and  ehlorite.    t,  t.  Lake  leval. 
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icon,  Donglass  Co.,  Wisconsin.  Where  the  protniding  trap  masses 
are  heaviest,  and  of  course  the  upheaval  and  the  friction  greatest, 
there  the  conglomerates  are  found  in  greater  strength. 

FALLS  OF  AMIKICON  RIYEB,  DOUGLASS  CO.,  AT  E  OF  MAP,  KOBTH  AND  BOITTH, 

LOOKING  WEST. 


A,  Trap  orerflow  projecting  oyer  B,  bedding  or  stratification  dipt  to  the  toath. 
a,  Broken  and  brecclated  maAS.  by  Conglomerate  with  trap  pebbles  and  semi-breccia. 
B,  Red  and  gray  sandstone  with  coarse  sillcioua  grains,  tilted  locally  away  f^om  the 
trap  bat  in  a  few  rods  level. 


The  boulders  of  trap  are  larger  in  this  variety,  than  in  those  due 
to  the  water- washed  gravel  of  beaches. 

No  heavy  conglomerates,  with  trap  pebbles  and  boulders,  are 
to  be  found,  except  in  or  near  the  trap  uplifts.  The  conglomeratic 
portions  of  the  sandrock,  with  quartz  pebbles,  are  generally  near 
the  base  where  it  rests  on  the  Iluronian,  and  where  it  sometimes 
contains  fragment  of  the  azoic  rocks,  showing  conclusively  an 
aqueous  deposit.  The  other  forqi  of  conglomerate  shows  as  con- 
clusively its  mechanical  origin  by  friction.  Neither  the  conglomer- 
ate nor  the  sandstone  carries  copper,  except  in  or  near  contact  with 
copper-bearing  trap.  In  all  cases  in  this  region  the  trap  is  the 
primordial  source  of  the  copper,  and  where  the  eruptive  masses 
are  destitute  of  sulphur,  it  appears  in  its  native  form. 

None  of  the  conglomerate  beds  are  continuous  over  large  spaces, 
but  pass  into  sandstone,  with  few  pebbles,  or  with  none.  Neither 
are  the  trap  beds  continuous,  but  die  out  along  the  line  of  out- 
crops, being  replaced  by  beds  or  flattened  masses  of  a  different 
variety,  by  sandstone  and  by  conglomerate.  They  probably  die 
out  in  depth  also. 

On  the  north  shore  the  entire  copper-bearing  series  from  Duluth 
to  Pigeon  River  is  cut  by  trap  dykes,  which  are  generally  columnar 
and  by  outbursts  of  intrusive  greenstone  and  feldspathic  masses. 
Here  the  intercalated  beds  of  sandstone  and  conglomerate  are  thin 
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COMPARISON    OF     THE     LAURENTIAN    ROCKS    OF    CANADA    WITH    THE 

SO-CALLED   AMERICAN  LAURENTIAN. 


} 


Canada. 

Mica  schists  predominant ;  gneiss 
and  gnelssoid  rocks.  Crystalline 
limestone  in  contorted  beds — topo- 
graphy low  mountain  ranges. 

In  the  Adirondacks  diallage  and 
hypersthone  rocks,  with  high  moun- 
tain peaks. 

The  formation  characterized  by 
magnetic  iron  ore,  In  veins  and 
masses. 


Michigan. 

Sienitic  rocks  predominate  in  ir- 
regular domes  of  various  height, 
occasionally  granite;  mica  schists 
rare. 

In  some  instances  bunches  and  ir- 
regular veins  of  quartz  with  sulpha- 
rets  of  iron,  copper  and  lead. 

No  masses  of  iron — no  crystalline 
limestone. 

WlSOONSIN. 

Sienite,  granite  in  doiK,  and 
rarely  Hornblend  slate — trap  erup- 
tions and  dykes  rare. 

K.  East  Minnesota. 

Sienite,  granite  and  mica  schists 
with  gnelssoid  rocks;  rarely  ba- 
saltic dykes. 


The  difference  in  the  rocks  as  above  represented  is  too  great  to 
allow  them  to  be  classed  as  one  geological  formation. 

These  crystalline  rocks  are  for  convenience  called  granitic 
although  there  are  intercalations  of  hornblendic  rocks,  and  rarely 
of  dykes,  and  of  bunches  of  quartz.  The  prevailing  rocks  in  those 
most  ancient  of  all  the  rocks  of  Lake  Superior,  are  granite  and 
syenite  alternating  without  any  apparent  regularity. 

There  is  so  great  a  similarity  in  the  analyses  of  lava,  eruptive 
trap,  and  the  older  granites,  that  I  am  forced  to  the  conclusion 
that  they  have  a  common  origin,  and  if  any  of  them  represent  the 
central  mass  of  the  earth  in  a  state  of  fusion,  all  of  them  do. 
This  question  enters  into  my  verbal  references  to  the  map  and 
profiles,  in  discussing  the  process  of  upheaval,  of  the  copper-bear- 
^  ing  series.  With  the  origin  of  these  rocks  the  connection  is  ob- 
vious. 

The  primordial  granites  represent  the  slow  cooling  process  of 
the  central  mass,  and  thus  became  highly  crystalline.  The  in- 
trusive trap  beds  represent  the  dynamical  results  of  subsequent 
pressure,  upon  the  central  mass  caused  by  cooling  and  contraction. 
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Dykes  and  volcanoes  represent  a  feebler,  more  recent  and  less 
general  mode,  of  the  same  action ;  as  the  contraction  lessened. 
There  is  in  this  later  form  of  action,  which  is  local,  no  capacity  to 
raise  mountain  chains.  These  are  due  to  corrugations  of  the  crust 
acting  in  general  slowly,  but  giving  rise  to  an  interior  compression 
that  is  irresistible.  This  would  find  relief  along  the  lines  of  least 
resistance,  but  would  not  by  any  means  always  reach  the  surface. 
As  soon  as  water  was  formed,  sediments  were  immediately  and 
rapidly  laid  down,  in  the  depressions ;  giving  rise  to  the  stratified 
rocks ;  and  this  process,  together  with  the  hardening  process  of 
cooling,  continually  gave  strength  to  the  crust  of  the  earth.  The 
weight  of  the  sedimentary  rocks,  in  the  opinion  of  Professor  Hall, 
has  in  places  been  sufiScient  to  sink  large  areas,  and  thus  create 
both  valleys  and  mountains. 

I  adopt  the  conclusions  of  Messrs.  Foster  and  Whitney,  and  of 
Dr.  Owen,  that  the  traps  of  Lake  Superior  are  eruptive  overflows 
which  took  place  during  the  deposit  of  the  Potsdam  sandstone. 

It  is  remarkable  that  these  outbursts  should  have  occurred,  in 
the  form  of  the  rim  of  a  basin  or  trough  of  such  magnitude ;  form- 
ing a  complete  circuit.  The  extent  of  the  included  area  is  like- 
wise remarkable. 

In  some  instances,  as  in  the  Marquette  region,  and  on  the 
Menominee  River,  the  eruptive  rocks  have  pushed  up  through  the 
Huronian  beds,  cutting  them  and  the  Potsdam  at  the  same  time. 
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Between  the  Canadian  and  the  American,  Huronian  series  the 
resemblance  is  very  close ;  as  may  be  seen  in  the  following  con- 
trast. 


A  COMPARISON   OF  THE   H€RONIAN  ROCKS   ON   BOTH    SHORES    OF 

LAKE   SUPERIOR. 


Canada. 

Silicious  and  conglomerate  schists 
—  clayslate  — jasper  coDglomerate 
and  quartz  beds  very  heavy — rarely 
specular  iron  ore  in  veins. 

Crystalline  trap,  carrying  copper 
and  iron  pyrites  in  quartz  veins. 


Michigan. 

Silicious  schists, fine  grained  crys- 
talline limestone  and  quartzite,  in 
flattened  masses.  Earthy,  compact 
and  crystalline  trap,  charged  with 
Iron  ore  segregated  in  irregular 
masses,  specular  and  magnetic. 

Wisconsin. 

Silicious  schists  on  the  Menom- 
inee ;  same  on  Bad  River,  with  belts 
of  quartz! te  and  hornblende,  rocks, 
slaty  and  crystalline. 

The  relation  of  the  hornblendio 
division  (Ila)  on  Bad  River  is  much 
closer  with  the  Huronian  than  with 
the  copper-bearing  rocks  (see  tables 
of  analyses  herewith). 

Color  various,  charged  with  iron 
oxides;  compact  and  crystalline 
trap  rare.  On  the  Menominee,  crys- 
talline sandstone;  on  Bad  River 
none.  Specular  and  magnetic  iron 
ore. 

MlNNB^OTA. 

Dark  colored  silicious  slates  val- 
ley of  the  St.  Louis ;  eruptive  rocks, 
faults  and  dykes,  frequent. 


Here  a  close  resemblance  is  manifest  between  the  Huronian 
systems,  on  the  Canadian  and  American  sides  of  the  Lake.  On 
both  shores  they  lie  beneath  the  Potsdam  sandstone  and  above  the 
granitic  or  Laurentian  series. 

There  are,  however,  minor  differences  m  the  excess  of  slates  and 
iron  ore  on  the  American  side  with  less  marble,  but  the  general 
characters  are  closely  alike. 

A.  A.  A.  S.  VOL.   XXIV     B.  (5) 
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For  the  present,  I  insert  a  belt  of  Huronian  age,  underneath 
the  copper-bearing  trap  of  Point  Keweenaw,  from  Mt.  Houghton 
to  Long  Lake  in  Wisconsin,  although  it  does  not  come  to  the  sur- 
face, between  Torch  Lake  and  the  Akogebe  Lake.  The  indications 
that  it  exists  not  far  beneath  the  southern  crests  of  the  trap  series 
in  this  space,  are  numerous. 

On  this  theory,  the  intruding  beds  and  masses  of  trap  were 
forced  out  into  and  over  the  Huronian,  in  places  raising  the  entire 
series  and  in  others  breaking  through  the  incumbent  Potsdam,  then 
in  an  unconsolidated  state ;  and  in  many  instances  overflowing  the 
Potsdam  beds.  The  same  thing  occurred  on  the  north  shore  during 
the'  Potsdam  era,  but  the  enclosed  portions  were  less  and  the 
metamorphic  action  comparatively  greater. 

There  are  two  classes  of  conglomerate — one  due  to  littoral  shore 
action,  as  at  the  Falls  of  St.  Louis  River  (see  profile  at  F),  which 

FALLS  OF  ST.  LOUIS  RIYBS.    F  OF  MAP. 
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Janction  of  the  sedimenUry  and  metamorphic  rocks,  St.  Louis  Riveri  l£in.   Angu- 
lar fitigments  of  slate  in  the  conglomenvte. 

is  limited ;  and  another  to  friction,  connected  with  the  uplifting 
movements  more  general  and  prolonged,  but  analogous  to  the  brec- 
cias, which  may  be  seen  alongside  of  dykes  on  the  north  shore. 
Instances  of  the  last  form  of  conglomerate  are  shown  in  the  pro- 
files at  Presque  Isle,  Marquette  (A),  and  at  the  Falls  of  the  Amin- 

FROFILB  A  — NBAB  MABQUBTTB  — TBAP  FENETRATINO  SANDSTONE  AT  FBB8QX7E  ISLB. 
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A,  Protmsion  of  trap,  a.  Drift,  b,  b',  5",  Red  sandstone  bedded— soft  or  shaly — 
lower  part  altered,  e,  Semi-breccia*  d,  Altered  sandstone,  with  reticolationB  of 
quarts,  calc-spar  and  chlorite,    e,  e,  Lake  level. 
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icon,  Douglass  Co.,  Wisconsin.  Where  the  protruding  trap  masses 
are  heaviest,  and  of  course  the  upheaval  and  the  friction  greatest, 
there  the  conglomerates  are  found  in  greater  strength. 

FALLS  OF  AMimCOX  RIVER,  DOUGLASS  CO.,  AT  £  OF  MAP,  NORTH  AND  80CTH, 

LOOKING  WEST. 


A,  Trap  orerflow  projecting  over  B,  bedding  or  stratification  dips  to  the  sonth. 
a,  Broken  and  brecclated  mass,  d,  Conglomerate  with  trap  pebbles  and  semi-breccia. 
B,  Red  and  gray  sandstone  with  coarse  sUicioua  grains,  tilted  locally  away  Arom  the 
trap  but  in  a  few  rods  level. 


The  boulders  of  trap  are  larger  in  this  variety,  than  in  those  due 
to  the  water-washed  gravel  of  beaches. 

No  heavy  conglomerates,  with  trap  pebbles  and  boulders,  arc 
to  be  found,  except  in  or  near  the  trap  uplifts.  The  conglomeratic 
portions  of  the  sandrock,  with  quartz  pebbles,  are  generally  near 
the  base  where  it  rests  on  the  Huronian,  and  where  it  sometimes 
contains  fragment  of  the  azoic  rocks,  showing  conclusively  an 
aqueous  deposit.  The  other  forqpi  of  conglomerate  shows  as  con- 
clusively its  mechanical  origin  by  friction.  Neither  the  conglomer- 
ate nor  the  sandstone  cames  copper,  except  in  or  near  contact  witl^ 
copper-bearing  trap.  In  all  cases  in  this  region  the  trap  is  the 
primordial  source  of  the  copper,  and  where  the  eruptive  masses 
are  destitute  of  sulphur,  it  appears  in  its  native  form. 

None  of  the  conglomerate  beds  are  continuous  over  large  spaces, 
but  pass  into  sandstone,  with  few  pebbles,  or  with  none.  Neither 
are  the  trap  beds  continuous,  but  die  out  along  the  line  of  out- 
crops, being  replaced  by  beds  or  flattened  masses  of  a  different 
variety,  by  sandstone  and  by  conglomerate.  They  probably  die 
out  in  depth  also. 

On  the  north  shore  the  entire  copper-bearing  series  from  Duluth 
to  Pigeon  River  is  cut  by  trap  dykes,  which  are  generally  columnar 
and  by  outbursts  of  intrusive  greenstone  and  feldspathic  masses. 
Here  the  intercalated  beds  of  sandstone  and  conglomerate  are  thin 
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For  the  present,  I  insert  a  belt  of  Huronian  age,  underneath 
the  copper-bearing  trap  of  Point  Keweenaw,  from  Mt.  Houghton 
to  Long  Lake  in  Wisconsin,  although  it  does  not  come  to  the  sur* 
face,  between  Torch  Lake  and  the  Akogebe  Lake.  The  indications 
that  it  exists  not  far  beneath  the  southern  crests  of  the  trap  series 
in  this  space,  are  numerous. 

On  this  theory,  the  intruding  beds  and  masses  of  trap  were 
forced  out  into  and  over  the  Huronian,  in  places  raising  the  entire 
series  and  in  others  breaking  through  the  incumbent  Potsdam,  Ufen 
in  an  unconsolidated  state ;  and  in  many  instances  overflowing  the 
Potsdam  beds.  The  same  thing  occuired  on  the  north  shore  during 
the*  Potsdam  era,  but  the  enclosed  portions  were  less  and  the 
metamorphic  action  comparatively  greater. 

There  are  two  classes  of  conglomerate — one  due  to  littoral  shore 
action,  as  at  the  Falls  of  St.  Louis  River  (see  profile  at  F),  which 
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Jasction  of  the  sedimentary  and  metamorphio  rocka,  St.  Louis  Biyer,  Min.   Angu- 
lar fttigments  of  slate  in  the  conglomertvte. 

is  limited ;  and  another  to  friction,  connected  with  the  uplifting 
movements  more  general  and  prolonged,  but  analogous  to  the  brec- 
cias, which  may  be  seen  alongside  of  dykes  on  the  north  shore. 
Instances  of  the  last  form  of  conglomerate  are  shown  in  the  pro* 
files  at  Presque  Isle,  Marquette  (A),  and  at  the  Falls  of  the  Amin- 
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A,  Protmslon  of  trap,  a.  Drift  b,  6',  b",  Red  sandstone  bedded— soft  or  shalj— > 
lower  part  altered,  e,  Semi-breccia,  d,  Altered  sandstone,  with  reticulations  of 
quarts,  oalc-spar  and  chlorite,    e,  e,  Lake  level. 
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Beyond  this,  in  the  valley  of  the  Ontonagon  and  thence  along 
the  coast,  between  Flint  Steel  and  Elm  Rivers,  is  a  repetition  of 
the  variable  shaly  beds  of  Keweenaw  Bay,  which  almost  meet 
across  the  range  in  the  gap  of  Portage  Lake.  There  are  places 
where  contiguity  to  the  trap,  especially  on  the  lower  faces  of  over- 
flows, it  shows  much  metamorphism,  and  even  an  apparent  change 
to  amygdaloid  trap ;  but  these  are  local  and  limited,  and  do  not 
require  a  forced  theory,  for  their  explanation.  Where  the  trap  of 
Point  Keweenaw  comes  out  to  the  lake  between  Eagle  River  and 
Copper  Harbor,  the  main  body  of  the  sandstone  lies  beneath  t)ie 
lake,  and  the  conglomerate  portions  form  the  shore. 


BOHEMIAN  RANGE. 

Messrs.  Foster  and  Whitney,  and  their  assistants,  particularly 
Mr.  S.  W.  Hill,  made  a  thorough  reexamination  of  the  Bohemian 
Range  in  1850 — 1851.  They  describe  this  range  as  extending  to 
the  westw-ard  until  it  sinks  below  the  country  in  the  neighborhood 
of  Portage  Lake.  The  rocks  composing  it  come  more  nearly  into 
the  category  of  the  Huronian,  than  the  trap  series.  The  lower 
parts  are  close  grained,  flinty,  chloritic,  compact,  porphyritic  and 
crystalline.  Transverse  veins  exist  there,  which  carrj^  copper  and 
iron  pyrites,  like  those  at  the  Bruce  Mines  in  the  typical  Huronian 
of  Canada. 

The  glacial  movement  coming  from  the  northeast  along  the  en- 
tire copper  range,  its  southern  faces  often  formed  a  lee  under 
which  the  drift  materials  collected,  and  thus  the  base  of  the  system 
on  that  side  is  generally  covered  from  view. 

Some  clear  profiles  were  made  however,  extending  across  the 
point  from  shore  to  shore,  all  of  which  exhibit  a  synclinal  along 
the  Bohemian  Range,  which  a  sharp  dip  locally  to  the  south,  in- 
cluding the  upturned  edges  of  the  sandstone.  There  is  generally 
along  this  line  a  band  of  friction  conglomerate,  with  the  usual  evi- 
dences of  metamorphism,  where  sandstone  passes  gradually  into 
jasper,  vescicular  trap,  and  breccia  in  patches  (see  F.  &  W.,  vol. 
I,  p.  94).  In  the  case  of  a  sandstone  bed  at  Eagle  Harbor  on  the 
north  side  of  the  Point,  which  is  overlaid  by  amygdaloid  trap,  the 
alteration  of  the  sandrock  extends  into  it  several  feet,  where  it 
resembles  scoriaceous  trap. 

On  the  southwest  flank  of  Mt.  Houghton,  is  the  brick-red  porphy- 


TO  B.      KATUKAL  HISTORY. 

ritic  trap,  which  furnishes  the  boulders  of  the  friction  conglomer- 
ates, dipping  to  the  southwest.  It  does  not  differ  from  the  intrusive 
masses  to  the  south  of  Carp  Lake,  which,  pushing  outward,  formed 
the  protuberance  of  the  Porcupine  Mountains. 

In  respect  to  displacement  by  force,  and  the  tilting  of  the  sand- 
stone, the  evidence  is  the  same  for  those  beds  around  Lac  La  Belle 
and  Gratiot  Lake,  as  it  is  on  the  opposite  side  of  the  Point. 
Tliese  sandstone  beds  cannot  be  separated  lithologicall  j  fVom  those 
on  Tobacco  River,  the  Entr}-,  and  the  Auce.  The  metamorphism 
is. less  extensive,  but  the  instances  I  give  of  eruptions,  through 
sandstone  at  Presque  Isle,  and  on  the  Aminicon  River,  prove  that 
such  effects  may,  in  some  circumstances,  probably  while  the  sand- 
stone was  yet  soft,  extend  only  a  few  rods. 

It  is  very  rare  that  the  horizontal  sandstone  rises  more  than  200 
feet  above  Lake  level.  The  uplifted  masses  seldom  rise  to  more 
than  1,000  feet,  and  never  more  than  1,200;  but  in  depth,  the 
elevating  force  must  have  been  deep  seated ;  many  thousand  feet. 

Westwards  towards  Portage  Lake  and  beyond  that  gap  in  the 
Range  till  we  reach  the  waters  of  the  Ontonagon,  the  uplifts  are 
not  as  bold  or  regular.  Here  along  the  southerly  side  of  the 
Range  the  line  of  fracture  is  generally  concealed.  An  exposure 
may  be  seen  on  the  headwaters  of  a  tributary  of  Torch  Lake, 
called  "Trap  Rock  River,"  described  in  F.  and  W.,  part  I. 

The  exposures  on  the  line  where  the  trap  beds  meet  the  sandstone, 
on  the  north  side  of  the  range  about  Portage  Lake,  and  westward 
on  the  waters  of  Salmon-trout,  Elm  and  Misery  Rivers,  are  not 
ft'equcnt,  but  the  sandstone  strata  of  the  coast  on  that  side  and  in 
the  channels  of  those  streams,  presents  the  same  series  of  changea- 
ble, soft,  shaly,  red,  gra3%  and  mottled  rocks,  with  harder  and  more 
solid  beds,  coming  in  and  tapering  out,  as  are  seen  on  the  flanks  of 
the  Huron  Mountains  between  Presque  Isle  and  Cypress  River. 

Between  Portage  Lake  and  the  Ontonagon,  in  the  valley  of 
Keweenaw  Bay,  to  the  south  of  the  Range,  the  Silver  Mountain 
has  been  pushed  up  about  1,000  feet  in  the  form  of  an  upward 
fault  of  no  great  length,  dipping  north,  but  bold  and  sharply  cut. 
It  exhibits  on  the  south  the  usual  features  of  brecciated,  crilshed, 
and  altered  fragments.     (F.  &  W.,  part  I,  p.  68.)  ' 

Around  the  forks  of  the  Ontonagon  where  the  south  side  beds 
are  better  exposed,  the  evidences  of  violence  and  dislocation  often 
become  manifest.    The  epidotic  mass  known  as  the  "  Calico  Rock," 
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is  nearer  a  breccia,  than  anything  else.    An  unpublished  profile 
*  (D  of  map)  which  I  made  across  the  Range  in  1846,  about  five 

PBOPILB  AT  D  OP  MAP,  PIVB  MILES  WEST  OP  ONTONAGON.     COUBSE  NBABLT  NOBTH 

AND  SOUTH  — LENGTH  TWELVE  MILES. 


A,  Intrusive  trap  in  heavy  beds  dipping  northerly  25*  to  30*.  B,  Potsdam  red  and 
gray  sandstone  both  shaly  and  compact;  dip  on  the  north  next  the  trap  rapid,  but  at  a 
distance  nearly  horizontal;  on  the  south  for  a  short  distance  quite  sharp  and  then 
horizontal.  C,  Red  laminated  drift-clay— 100  to  50()  feet  thick.  D,  Red  conglomerate. 
E,  Une-grained  blaclc  slate— iamina  parallel  to  tlie  dip  of  the  bed.  There  are  bands 
of  sandstone  and  conglomerate  intercalated  with  the  trap. 

At  Iron  River  between  the  slate  E,  and  conglomerate  D,  is  a  band  of  silver  bearing 
quartz  now  being  wrought. 

miles  west  of  the  forks,  shows  the  contact  between  the  calico  rock 
and  the  sandstone  on  the  south.  Their  relatibns  to  each  other  are 
precisely  the  same  as  that  of  the  porphyritic  and  jaspery  masses 
at  Lac  La  Belle.  The  edges  of  the  sandstone  are  tilted  up  sharply 
to  the  south  very  much  disarranged,  but  soon  reassuining  a  hori- 
zontal position. 

Up  the  west  fork  towards  Akogebe  Lake,  of  which  it  is  the  out- 
let, the  exposures  have  the  aspect  of  eruptive  masses,  along  a  line 
parallel  with  the  trap  range. 

Not  far  beyond  the  Akogebe  Lake,  according  to  Messrs.  Brooks 
,  and  Pumpelly  of  the  Michigan  Survey,  the  Huronian  rocks  appear 
beneath  the  trap  about  4,000  feet  in  thickness,  against  which,  on 
the  soutli,  the  horizontal  sandstone  of  Keweenaw  abuts,  uncon- 
formably.  Not  having  been  over  the  space  between  Akogebe  and 
the  Montreal,  on  the  line  of  the  Huronian,  I  can  add  nothing  in 
regard  to  the  profile  of  the  Report,  except  that  it  is  hypothetical 
and  furnishes  no  observed  contact. 

My  explanation  of  the  upheaval  of  the  entire  range  from 
Keweenaw  Point  to  the  waters  of  Bad  River,  is,  that  it  is  due  first 
to  the  intrusive  Huronian  belt,  connecting  beneath  the  surface 
from  the  west  end  of  the  Bohemian,  to  the  vicinity  of  Akogebe 
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Lake,  whence  it  is  visible  to  the  westward  underlying  the  range 
to  Long  Lake,  more  than  one  hundred  miles.  From  Iron  l^ver, 
fifteen  miles  west  of  the  Ontonagon,  to  near  Bad  River  in  Ash- 
land county,  Wisconsin,  a  distance  of  about  eighty  miles,  the 
trap  series  has  an  enormous  thickness  of  ten  to  fifteen  miles,  a 
large  part  of  which  is  red  and  porphyritic,  in  which  the  proportion 
of  sandstone  and  conglomerate  is  small.  The  effect  of  an  intru- 
sive mass,  forcing  itself  between  the  older  crystalline  rocks  below 
and  the  trappous  series  above,  could  be  no  other  than  what  we 
observe. 

The  trap  beds  tilted  and  forced  northward,  carried  the  overlying 
sandstone  beds  upward  and  forwaixl,  until  they  approached  the 
vertical,  as  they  do  along  the  channel  of  the  Montreal  River, 
showing  a  thickness  of  two  miles.  West  of  the  Bad  River  the 
trap  series  diminishes  more  than  one-half,  and  although  the  un- 
derlining Huronian  remains  the  same,  the  sandstone  on  the  north 
is  less  disturbed,  remaining  at  a  lower  level,  in  the  valley  of  Bad 
River,  nearly  horizontal. 

Prof.  Irvine  reports  a  low  synclinal  commencing  at  the  falls 
of  Bad  River,  which  extends  west,  parallel  with  the  range,  into 
Bayfield  Co.,  where 'the  trap  comes  to  the  surface  througli  the 
sandstone  as  a  flat  undulation.  I  can  testify  to  a  disturbance 
along  this  line  in  the  sandrock,  biit  did  not  follow  up  the  examinar 
tion,  so  far  as  to  discover  the  cause. 

If  the  trap  beds  on  the  south  had  not  lost  their  thickness  by 
10,000  or  12,000  feet,  this  low  wave  would  doubtless  have  risen 
into  a  mountain  range. 

The  conglomerates  where  they  are  cut  by  the  Montreal,  the 
Opinike,  the  Bad  River,  and  by  the  outlet  to  Bladder  Lake, 
exhibit  the  usual  signs  of  metamorphism  near  the  trap ;  in  streaks, 
bunches,  and  irregular  veins  of  calc-spar  and  quartz. 

There  are  evidences  of  later  and  successive  ejections  of  eruptive 
matter,  which  in  the  basin  of  Lake  Superior  continued  through  a 
long  period  of  geological  time. 

Note.—  Owing  to  the  small  Bcalc  of  tho  accoropanyiug  map  the  space  occupied  by 
limited  and  narrow  formations  is  very  mucli  exaggerated,  and  tkeir  boundaries  mis- 
placed. Tiiis  in  especially  so  at  and  around  Marquette,  where  some  connection  has 
been  attempted  but  with  limited  success. 
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The  Physical  Structure  of  the  Ohio  Coal  Field.    By  Chas. 
Whittlesey,  of  Cleveland,  Ohio. 


ABSTRACT. 


This  is  principally  an  exhibit  of  a  rough  map  with  profiles 
and  verbal  explanations.  On  an  outline  plan  of  the  Alleghany 
coal  field  north  of  the  Kenawha  River,  including  the  states  of  Ohio 
and  Pennsylvania,  the  general  outcrop  of  the  Pittsburg  seam  of 
coal  is  traced  dipping  towards  the  medial  line  of  the  basin.  The 
direction  of  the  dip  of  this  and  other  coal  seams  is  shown  by 
arrows  pointing  inward,  on  which  is  written  the  beaiung  and  the 
rate  per  mile.  *  « 

In  Ohio  I  have  determined  by  levels  and  triangles  the  direction 
and  the  rate  of  dip,  in  about  fifty  instances,  forty  of  which  are 
here  given,  the  sides  of  the  triangles  ranging  from  two  to  fifty 
miles  each.  Ordinarily  the  lines  are  eight  to  fifteen  miles  in 
length,  because  these  distances  give  the  best  results.  ^  If  the  sides 
are  less  than  five  miles  the  local  irregularities  of  the  beds  may  be 
so  great,  that  the  true  inclination  will  not  be  obtained.  If  the 
lines  are  too  long  the  sphericity  of  the  earth  is  a  source  of  error. 
In  most  of  the  triangles  I  have  constructed,  the  sum  of  the  sides 
is  about  thirty  miles,  which  is  the  best  of  dimensions.  The  length 
and  the  bearings  of  the  sides  are  found  by  the  use  of  local  and 
county  maps.  The  elevations  were  obtained  by  using  canals  and 
railroads  as  bases,  thence  to  the  outcrops  of  beds,  and  to  mines ; 
by  the  spirit  level,  in  some  of  its  forms ;  never  by  barometer. 

These  methods  are  subject  to  slight  errors  which  geodetic  work, 
Buch  as  is  made  use  of  in  England,  France  and  Austria,  would 
avoid,  but  the  errors  of  map  triangles,  must  to  a  certain  extent 
correct  each  other ;  and  are  far  more  reliable  than  mere  opinion, 
based  upon  surface  observation. 

In  the  recent  survey  of  Ohio,  all  modes  of  determining  the  pre- 
cise dip  of  the  beds^  by  applying  mathematics  and  geometry,  to 
perfect  phj'sical  geology,  are  ignored.  As  the  Inclination  is  very 
slight  it  is  absolutely  necessary  to  apply  such  processes,  to  prevent 
the  confounding  of  strata.  Neither  the  number  nor  extent  of  the 
beds  can  be  determined  without  it. 

The  following  table  gives  a  summary  of  the  results  which  I  have 
obtained,  during  the  past  thirtj'-five  years,  beginning  at  the  Ohio 
•River  on  the  south  and  proceeding  in  order  northward  and  east- 
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Between  the  Canadian  and  the  American,  Huronian  series  the 
resemblance  is  very  close ;  as  may  be  seen  in  the  following  con- 
trast. 


A  COMPARISON   OF  THE   H13R0NIAN  ROOKS   ON   BOTH    SHORES    OF 

LAKE   SUPERIOR. 


Canada. 

Silicions  and  conglomerate  schists 
—  clayslate  — Jasper  conglomerate 
and  quartz  beds  very  heavy — rarely 
specular  iron  ore  in  veins. 

Crystalline  trap,  carrying  copper 
and  iron  pyrites  in  quartz  veins. 


Michigan. 

Silicious  schists, fine  grained  crys- 
talline limestone  and  quartzite,  in 
flattened  masses.  Earthy,  compact 
and  crystalline  trap,  charged  with 
iron  ore  segregated  in  irregular 
masses,  specular  and  magnetic. 

Wisconsin. 

Silicious  schists  on  the  Menom- 
inee ;  same  on  Bad  River,  with  belts 
of  quartzite  and  hornblende,  rocks, 
slaty  and  crystalline. 

The  relation  of  the  hornblendio 
division  (Ila)  on  Bad  River  is  much 
closer  with  the  Huronian  than  with 
the  copper- bearing  rocks  (see  tables 
of  analyses  herewith). 

Color  various,  charged  with  iron 
oxides;  compact  and  crystalline 
trap  rare.  On  the  Menominee,  crys- 
talline sandstone;  on  Bad  River 
none.  Specular  and  magnetic  iron 
ore. 

Minnesota. 

Dark  colored  silicious  slates  val- 
ley of  the  St.  Louis ;  eruptive  rocks, 
faults  and  dykes,  frequent. 


Here  a  close  resemblance  is  manifest  between  the  Huronian 
systems,  on  the  Canadian  and  American  sides  of  the  Lake.  On 
both  shores  they  lie  beneath  the  Potsdam  sandstone  and  above  the 
granitic  or  Laurentian  series. 

There  are,  however,  minor  differences  m  the  excess  of  slates  and 
iron  ore  on  the  American  side  with  less  marble,  but  the  general 
characters  are  closely  alike. 
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For  the  present,  I  insert  a  belt  of  Huronian  age,  underneath 
the  copper-bearing  trap  of  Point  Keweenaw,  from  Mt.  Honghton 
to  Long  Lake  in  Wisconsin,  although  it  does  not  come  to  the  sur* 
face,  between  Torch  Lake  and  the  Akogebe  Lake.  The  indications 
that  it  exists  not  far  beneath  the  southern  crests  of  the  trap  series 
in  this  space,  are  numerous. 

On  this  theory,  the  intruding  beds  and  masses  of  trap  were 
forced  out  into  and  over  the  Huronian,  in  places  raising  the  entire 
series  and  in  others  breaking  through  the  incumbent  Potsdam,  tken 
in  an  unconsolidated  state ;  and  in  many  instances  overflowing  the 
Potsdam  beds.  The  same  thing  occurred  on  the  north  shore  during 
the  Potsdam  era,  but  the  enclosed  portions  were  less  and  the 
metamorphic  action  comparatively  greater. 

There  are  two  classes  of  conglomerate — one  due  to  littoral  shore 
action,  as  at  the  Falls  of  St.  Louis  River  (see  profile  at  F),  which 

FALLS  OF  ST.  LOUIS  BIYXB.    F  OF  MAP. 
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Janction  of  Uie  sedimentary  and  metamorphic  rocks,  St.  Louis  River,  Uin.   Anga- 
lar  fV^ments  of  slate  in  the  conglomert^te. 

is  limited ;  and  another  to  friction,  connected  with  the  uplifting 
movements  more  general  and  prolonged,  but  analogous  to  the  brec- 
cias, which  may  be  seen  alongside  of  dykes  on  the  north  shore. 
Instances  of  the  last  form  of  conglomerate  are  shown  in  the  pro- 
files at  Presque  Isle,  Marquette  (A),  and  at  the  Falls  of  the  Amin- 

FROFILB  A  — NBAR  XABQUBTTB  — TRAP  FEKETRATIKQ  BANDSTONB  AT  FSESQUB  IBLB. 


w.k 


A,  Protmsion  of  trap,  a,  Drift,  b,  h\  V\  Red  sandstone  bedded—soft  or  shaly— 
lower  part  altered,  e,  Semi-breccia,  d,  Altered  sandstone,  with  reticulations  of 
quarts,  oalc-spar  and  chlorite,    e,  e.  Lake  leyel. 
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icon,  Douglass  Co.,  Wisconsin.  Where  the  protrading  trap  masses 
are  heaviest,  and  of  course  the  upheaval  and  the  friction  greatest, 
there  the  conglomerates  are  found  in  greater  strength. 

FALLS  OF  AMINICON  RIVEB,  DOUGLASS  CO.,  AT  E  OF  MAP,  KOBTH  AND  SOUTH, 

LOOKING  WEST. 


A,  Trap  OTerflow  projecting  over  B,  bedding  or  stratiflcation  dips  to  the  sonth. 
a,  Brolieii  and  brecciated  mass.  6,  Conglomerate  with  trap  pebbles  and  semi-breccia. 
B.  Red  and  gray  sandstone  with  coarse  silicioua  grains,  tilted  locally  away  iVom  the 
trap  but  in  a  few  rods  level. 


The  boulders  of  trap  are  larger  in  this  variety,  than  in  those  due 
to  the  water-washed  gravel  of  beaches. 

No  heavy  conglomerates,  with  trap  pebbles  and  boulders,  are 
to  be  found,  except  in  or  near  the  trap  uplifts.  The  conglomeratic 
portions  of  the  sandrock,  with  quartz  pebbles,  are  generally  near 
the  base  where  it  rests  on  the  Huronian,  and  where  it  sometimes 
contains  fragment  of  the  azoic  rocks,  showing  conclusively  an 
aqueous  deposit.  The  other  form  of  conglomerate  shows  as  con- 
clusively its  mechanical  origin  by  friction.  Neither  the  conglomer- 
ate nor  the  sandstone  carries  copper,  except  in  or  near  contact  witl^ 
copper-bearing  trap.  In  all  cases  in  this  region  the  trap  is  the 
primordial  source  of  the  copper,  and  where  the  eruptive  masses 
are  destitute  of  sulphur,  it  appears  in  its  native  form. 

None  of  the  conglomerate  beds  are  continuous  over  large  spaces, 
but  pass  into  sandstone,  with  few  pebbles,  or  with  none.  Neither 
are  the  trap  beds  continuous,  but  die  out  along  the  line  of  out- 
crops, being  replaced  by  beds  or  flattened  masses  of  a  different 
variety,  by  sandstone  and  by  conglomerate.  They  probably  die 
out  in  depth  also. 

On  the  north  shore  the  entire  copper-bearing  series  from  Duluth 
to  Pigeon  River  is  cut  by  trap  dykes,  which  are  generally  columnar 
and  by  outbursts  of  intrusive  greenstone  and  feldspathic  masses. 
Here  the  intercalated  beds  of  sandstone  and  conglomerate  are  thin 
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and  limited.    There  are  on  both  shores  altered  layers  of  sandstone 
between  beds  of  trap,  with  ripple  marks  in  perfect  condition. 

I  cannot  admit  that  the  red  sandstone  of  Lake  Superior  belongs 
to  two  formations.  The  period  of  its  deposition  was  a  long  one,  but 
there  was  no  break  in  it,  and  no  intervening  beds ;  except  the  trap. 

Between  1845  and  18G0,  I  examined  in  canoes,  or  Mackinaw 
boats,  frequently  more  than  once,  all  the  exposures  which  the  shore 
line  exhibits  from  Sault  St.  Mary  to  the  west  end  of  the  Lake,  and 
along  the  north  shore  to  Two  Island  River. 

Also  the  profiles  of  all  the  streams  capable  of  canoe  navigation, 
with  many  that  are  not,  and  the  countiy  between.  The  cliffs  of 
red,  shaly,  and  often  mottled  sandrock,  between  Marquette  and 
Huron  Bay,  cannot  be  separated  lithologically  from  those  on  the 
north  shore  of  Keweenaw  Bay.  That  those  between  Grand  Island 
and  Marquette  are  Potsdam,  is  shown  by  the  overlying  Chazy  and 
other  lower  silurian  strata.  That  the  Keweenaw  Bay  series  is  of 
the  same  age  is  shown  by  the  outliers  of  Trenton  limerock,  reported 
by  Messrs.  Foster  and  Whitney,  and  shown  in  my  general  profile 
No.  2,  near  Sturgeon  River,  about  twelve  miles  west  of  the  head 
of  the  Bay. 

On  the  west,  the  sandstone  of  St.  Croix  River  in  Wisconsin, 
through  which  there  are  trap  protrusions  at  Ta3'lor's  Falls  is  clearly 
shown  by  Dr.  Owen  to  be  Potsdam.  This  has  been  traced  up  the 
St.  Croix  to  the  waters  of  the  Black  and  Nemadji  Rivers  in  the 
valley  of  the  St.  Louis  River,  and  to  Duluth.  On  the  Poplar  and 
the  Aminicon  Rivers  it  is  the  same,  and  among  the  Apostle 
Islands. 

There  are  everywhere  variations  in  the  thickness  and  hardness 
of  the  beds,  and  in  color  changing  from  light  to  dark  red,  and 
from  gray  to  mottled  red  and  gray ;  but  the  general  aspect  of  the 
series  is  the  same.  Progressing  eastward,  on  the  Bad  River,  and 
the  Opinike,  it  is  occasionally  visible.  On  the  Montreal,  opposite 
the  Islands,  its  dip  has  been  reversed  from  slight  southeast  to 
northwest;  at  angle  almost  vertical  where  it  shows  a  thickness  of 
more  than  10,000  feet.  It  can  be  examined  across  the  edges  in 
the  channel,  every  foot  of  it  laid  bare.  Coasting  still  to  the  east 
the  strike  carries  it  outward  into  the  lake  till  we  pass  the  Porcu- 
pine Mountains,  where  the  entire  mass  has  been  pushed  north- 
ward, by  the  immense  thickness  of  the  trap,  which  is  twelve  or 
fifteen  miles. 
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Beyond  this,  in  the  valley  of  the  Ontonagon  and  thence  along 
the  coast,  between  Flint  Steel  and  Elm  Rivers,  is  a  repetition  of 
the  variable  shaly  beds  of  Keweenaw  Bay,  which  almost  meet 
across  the  range  in  the  gap  of  Portage  Lake.  There  are  places 
where  contiguity  to  the  trap,  especially  on  the  lower  faces  of  over- 
flows, it  shows  much  metamorphism,  and  even  an  apparent  change 
to  amygdaloid  trap ;  but  these  are  local  and  limited,  and  do  not 
require  a  forced  theory,  for  their  explanation.  Where  the  trap  of 
Point  Keweenaw  comes  out  to  the  lake  between  Eagle  River  and 
Copper  Harbor,  the  main  body  of  the  sandstone  lies  beneath  t^ie 
lake,  and  the  conglomerate  portions  form  the  shore. 


BOHEMIAN  RANGE. 

Messrs.  Foster  and  Whitney,  and  their  assistants,  particularly 
Mr.  S.  W.  Hill,  made  a  thorough  reexamination  of  the  Bohemian 
Range  in  1850 — 1851.  They  describe  this  range  as  extending  to 
the  westw-ard  until  it  sinks  below  the  country  in  the  neighborhood 
of  Portage  Lake.  The  rocks  composing  it  come  more  nearly  into 
the  category  of  the  Huronian,  than  the  trap  series.  The  lower 
parts  are  close  grained,  flinty,  chloritic,  compact,  porphyritic  and 
crystalline.  Transverse  veins  exist  there,  which  carr}'  copper  and 
iron  pyrites,  like  those  at  the  Bruce  Mines  in  the  typical  Huronian 
of  Canada. 

The  glacial  movement  coming  from  the  northeast  along  the  en- 
tire copper  range,  its  southern  faces  often  formed  a  lee  under 
which  the  drift  materials  collected,  and  thus  the  base  of  the  system 
on  that  side  is  generally  covered  from  view. 

Some  clear  profiles  were  made  however,  extending  across  the 
point  from  shore  to  shore,  all  of  which  exhibit  a  synclinal  along 
the  Bohemian  Range,  which  a  sharp  dip  locally  to  the  south,  in- 
cluding the  upturned  edges  of  the  sandstone.  There  is  generally 
along  this  line  a  band  of  friction  conglomerate,  with  the  usual  evi- 
dences of  metamorphism,  where  sandstone  passes  gradually  into 
jasper,  vescicular  trap,  and  breccia  in  patches  (see  F.  &  W.,  vol. 
I,  p.  94).  In  the  case  of  a  sandstone  bed  at  Eagle  Harbor  on  the 
north  side  of  the  Point,  which  is  overlaid  by  amygdaloid  trap,  the 
alteration  of  the  sandrock  extends  into  it  several  feet,  where  it 
resembles  scoriaceous  trap. 

On  the  southwest  flank  of  Mt.  Houghton,  is  the  brick-red  porphy- 
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ritic  trap,  which  furnishes  the  boulders  of  the  friction  coDgl< 
ates,  dipping  to  the  southwest.  It  does  not  differ  from  the  intrusive 
masses  to  the  south  of  Carp  Lake,  which,  pushing  outward,  farmed 
the  protuberance  of  the  Porcupine  Mountains. 

In  respect  to  displacement  by  force,  and  the  tilting  of  tbe  sand- 
stone, the  evidence  is  the  same  for  those  beds  around  Lac  La  fielle 
and  Gratiot  Lake,  as  it  is  on  the  opposite  side  of  the  Point. 
These  sandstone  beds  cannot  be  separated  lithologically  fh>ni  those 
on  Tobacco  River,  the  £ntry,  and  the  Ance.  The  metamorphism 
is  .less  extensive,  but  the  instances  I  give  of  eruptions,  throagli 
sandstone  at  Presque  Isle,  and  on  the  Aminicon  River,  proine  that 
such  effects  may,  in  some  circumstances,  probably  while  the  sand- 
stone was  yet  soft,  extend  only  a  few  rods. 

It  is  very  rare  that  the  horizontal  sandstone  rises  more  than  200 
feet  above  Lake  level.  The  uplifted  masses  seldom  rise  to  more 
than  1,000  feet,  and  never  more  than  1,200;  but  in  depth,  the 
elevating  force  must  have  been  deep  seated ;  many  thousand  feet. 

Westwards  towards  Portage  Lake  and  beyond  that  gap  in  the 
Range  till  we  reach  the  waters  of  the  Ontonagon,  the  uplifts  are 
not  as  bold  or  regular.  Here  along  the  southerly  side  of  the 
Range  the  line  of  fracture  is  generally  concealed.  An  exposure 
may  be  seen  on  the  headwaters  of  a  tributary  of  Torch  Lake, 
called  "Trap  Rock  River,"  described  in  F.  and  W.,  part  I. 

The  exposures  on  tbe  line  where  the  trap  beds  meet  the  sandstone, 
on  the  north  side  of  the  range  about  Portage  Lake,  and  westward 
on  the  waters  of  Salmon-trout,  Elm  and  Misery  Rivers,  are  not 
fVeqnont,  but  the  sandstone  strata  of  the  coast  on  that  side  and  in 
the  channels  of  those  streams,  presents  tbe  same  series  of  changea- 
ble, soft,  shal}',  red,  gra}',  and  mottled  rocks,  with  harder  and  more 
solid  beds,  coming  in  and  tapering  out,  as  are  seen  on  the  flanks  of 
the  Huron  Mountains  between  Presque  Isle  and  Cypress  River. 

Between  Portage  Lake  and  the  Ontonagon,  in  the  valley  of 
Keweenaw  Bay,  to  the  south  of  the  Range,  tbe  Silver  Mountain 
has  been  pushed  up  about  1,000  feet  in  tbe  form  of  an  upward 
fault  of  no  great  length,  dipping  north,  but  bold  and  sharply  cut. 
It  exhibits  on  tbe  south  tbe  usual  features  of  brecciated,  crilshed, 
and  altered  fragments.     (F.  &  W.,  part  I,  p.  68.)  ^ 

Around  the  forks  of  tbe  Ontonagon  where  tbe  south  side  beds 
are  better  exposed,  tbe  evidences  of  violence  and  dislocation  often 
become  manifest.    The  epidotic  mass  known  as  tbe  '^  Calico  Rock/' 
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is  nearer  a  breccia,  than  anything  else.    An  unpublished  profile 
•  (D  of  map)  which  I  made  across  the  Range  in  1846,  about  five 

PBOriLB  AT  D  OF  MAP,  FIVB  MILES  WEST  OF  ONTONAGON.     COCBSE  NEABLY  NORTH 

AND  SOUTH  — LENGTH  TWELVE  MILES. 


r        r. 


,  r. 


A,  Intrnsive  trap  in  heavy  beds  dipping  northerly  25*  to  30*.  B,  Potsdam  red  and 
gray  sandatone  both  shaly  and  compact;  dip  on  the  north  next  the  trap  rapid,  but  at  a 
distance  nearly  horizontal;  on  the  south  for  a  short  distance  quite  sharp  and  then 
horizontal.  C,  Red  laminated  drilt-clay— 100  to  50()  feet  thick.  D,  Red  conglomerate. 
£,  Fine-grained  black  slate  — lamina  parallel  to  the  dip  of  the  bed.  There  are  bands 
of  sandstone  and  conglomerate  intercalated  with  the  trap. 

At  Iron  River  between  the  slate  £,  and  conglomerate  D,  is  a  band  of  silver  bearing 
quartz  now  being  wrought. 

miles  west  of  the  forks,  shows  the  contact  between  the  calico  rock 
and  the  sandstone  on  the  south.  Their  relations  to  each  other  are 
precisely  the  same  as  that  of  the  porphyritic  and  jaspery  masses 
at  Lac  La  Belle.  The  edges  of  the  sandstone  are  tilted  up  sharply 
to  the  south  very  much  disarranged,  but  soon  reassuining  a  hori- 
zontal position. 

Up  the  west  fork  towards  Akogebe  Lake,  of  which  it  is  the  out- 
let, the  exposures  have  the  aspect  of  eruptive  masses,  along  a  line 
parallel  with  the  trap  range. 

Not  far  beyond  the  Akogebe  Lake,  according  to  Messrs.  Brooks 
.  and  Pumpelly  of  the  Michigan  Survey,  the  Huronian  rocks  appear 
beneath  the  trap  about  4,000  feet  in  thickness,  against  which,  on 
the  south,  the  horizontal  sandstone  of  Keweenaw  abuts,  uncon- 
formably.  Not  having  been  over  the  space  between  Akogebe  and 
the  Montreal,  on  the  line  of  the  Huronian,  I  can  add  nothing  in 
regard  to  the  profile  of  the  Report,  except  that  it  is  hypothetical 
and  furnishes  no  observed  contact. 

My  explanation  of  the  upheaval  of  the  entire  range  from 
Keweenaw  Point  to  the  waters  of  Bad  River,  is,  that  it  is  due  first 
to  the  intrusive  Huronian  belt,  connecting  beneath  the  surface 
from  the  west  end  of  the  Bohemian,  to  the  vicinity  of  Akogebe 
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Lake,  whence  it  is  visible  to  the  westward  underlyiDg  the  range 
to  Long  Lake,  more  than  one  hundred  miles.  From  Iron  ^ver, 
fifteen  miles  west  of  the  Ontonagon,  to  near  Bad  River  in  Ash- 
land county,  Wisconsin,  a  distance  of  about  eighty  miles,  the 
trap  series  has  an  enormous  thickness  of  ten  to  fifteen  miles,  a 
large  part  of  which  is  red  and  porphyritic,  in  which  the  proportion 
of  sandstone  and  conglomerate  is  small.  The  effect  of  an  intru- 
sive mass,  forcing  itself  between  the  older  crystalline  rocks  below 
and  the  trappous  series  above,  could  be  no  other  than  what  we 
observe. 

The  trap  beds  tilted  and  forced  northward,  carried  the  overlying 
sandstone  beds  upward  and  forward,  until  they  approached  the 
vertical,  'as  they  do  along  the  channel  of  the  Montreal  River, 
showing  a  thickness  of  two  miles.  West  of  the  Bad  River  the 
trap  series  diminishes  more  than  one-half,  and  although  the  un- 
derlying Huronian  remains  the  same,  the  sandstone  on  the  north 
is  less  disturbed,  remaining  at  a  lower  level,  in  the  valley  of  Bad 
River,  nearly  horizontal. 

Prof.  Irvine  reports  a  low  synclinal  commencing  at  the  falls 
of  Bad  River,  which  extends  west,  parallel  with  the  range,  into 
Bayfield  Co.,  where 'the  trap  comes  to  the  surface  through  the 
sandstone  as  a  flat  undulation.  I  can  testify  to  a  disturbance 
along  this  line  in  the  sandrock,  biit  did  not  follow  up  the  examina- 
tion, so  far  as  to  discover  the  cause. 

If  the  trap  beds  on  the  south  had  not  lost  their  thickness  by 
10,000  or  12,000  feet,  this  low  wave  would  doubtless  have  risen 
into  a  mountain  range. 

The  conglomerates  where  they  are  cut  by  the  Montreal,  the 
Opinike,  the  Bad  River,  and  by  the  outlet  to  Bladder  Lake, 
exhibit  the  usual  signs  of  metamorphism  near  the  trap ;  in  streaks, 
bunches,  and  irregular  veins  of  calc-spar  and  quartz. 

There  are  evidences  of  later  and  successive  ejections  of  eruptive 
matter,  which  in  the  basin  of  Lake  Superior  continued  through  a 
long  period  of  geological  time. 

Note.—  Owing  to  the  small  ecalo  of  tho  accompanying  map  tho  space  occupied  by 
Umitcd  and  narrow  formations  is  vei7  mucti  exaggerated,  and  tMeir  boundaries  mis- 
placed. This  is  especially  so  at  and  around  Marquette,  where  some  connection  has 
been  attempted  but  with  limited  success. 
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The  Physical  Structure  of  thb  Ohio  Coal  Field.    By  Chas. 
Whittlesey,  of  Cleveland,  Ohio. 

ABSTRAOT. 

This  is  principally  an  exhibit  of  a  rough  map  with  profiles 
and  verbal  explanations.  On  an  outline  plan  of  the  Alleghany 
coal  field  north  of  the  Kenawha  River,  including  the  states  of  Ohio 
and  Pennsylvania,  the  general  outcrop  of  the  Pittsburg  seam  of 
coal  is  traced  dipping  towards  the  medial  line  of  the  basin.  The 
direction  of  the  dip  of  this  and  other  coal  seams  is  shown  by 
arrows  pointing  inward,  on  which  is  written  the  bearing  and  the 
rate  per  mile. 

In  Ohio  I  have  determined  by  levels  and  triangles  the  direction 
and  the  rate  of  dip,  in  about  fift}'^  instances,  forty  of  which  are 
here  given,  the  sides  of  the  triangles  ranging  from  two  to  fifty 
miles  each.  Ordinarily  the  lines  are  eight  to  fifteen  miles  in 
length,  because  these  distances  give  the  best  results. ,  If  the  sides 
are  less  than  five  miles  the  local  irregularities  of  the  beds  may  be 
so  great,  that  the  true  inclination  will  not  be  obtained.  If  the 
lines  are  too  long  the  sphericity  of  the  earth  is  a  source  of  error. 
In  most  of  the  triangles  I  have  constructed,  the  sum  of  the  sides 
is  about  thirty  miles,  which  is  the  best  of  dimensions.  The  length 
and  the  bearings  of  the  sides  are  found  by  the  use  of  local  and 
county  maps.  The  elevations  were  obtained  by  using  canals  and 
railroads  as  bases,  thence  to  the  outcrops  of  beds,  and  to  mines ; 
by  the  spirit  level,  in  some  of  its  forms ;  never  by  barometer. 

These  methods  are  subject  to  slight  errors  which  geodetic  work, 
such  as  is  made  use  of  in  England,  France  and  Austria,  would 
avoid,  but  the  errors  of  map  triangles,  must  to  a  certain  extent 
correct  each  other ;  and  are  far  more  reliable  than  mere  opinion, 
based  upon  surface  observation. 

In  the  recent  survey  of  Ohio,  all  modes  of  determining  the  pre- 
cise dip  of  the  beds,,  by  applying  mathematics  and  geometry,  to 
perfect  phj'sical  geology,  are  ignored.  As  the  inclination  is  very 
slight  it  is  absolutely  necessary  to  apply  such  processes,  to  prevent 
the  confounding  of  strata.  Neither  the  number  nor  extent  of  the 
beds  can  be  determined  without  it. 

The  following  table  gives  a  summary  of  the  results  which  I  have 
obtained,  during  the  past  thirty-five  years,  beginning  at  the  Ohio 
•River  on  the  south  and  proceeding  in  order  northward  and  east- 
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waM,  to  the  Pennsylvania  line.    It  is  a  transcript  of  the  figures 
written  on  the  stems  of  the  arrows  of  the  map. 

Results  op  tri angulations  for  dip,  bbginnino  at  thk  Ohio  River 
NEAR  Portsmouth,  thence  northerly  and  easterly  to  the  Penn- 
sylvania Line. 
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DrSECTION 

• 

OBOLOGICAL 

s 

LOGAUTT. 

OF  GREATEST 

^  s 

c 

STRATUM. 

^     a 

"" 

• 

INCLINATION. 

-i 

1 

Scioto  Co.                         • 

Logan  Sandstone. 

South  5r  East 

40. 

2 

Llwreaco  Co. 

Coal  Seam. 

"    eo* 

80. 

S 

R088  Co. 

Waverly. 

«    ss* 

32. 

4 

Pomeroy. 

Coal  Seam. 

"    so* 

89. 

6 

Gallia  Co. 

Coal  Seam. 

"     73» 

27. 

6 

Columbus. 

Cliff  Limestone. 

"     SI* 

82. 

7 

Haydenvillo. 

Nelsonville  CoaL 

"     79* 

as. 

8 

SCraifcsville. 

Nelsonville     " 

"     78* 

32. 

9 

Shawnee  Run. 

Nelsonville     " 

«    7r 

25. 

10 

Sunday  Creek. 

Nelsonville     " 

.(    74. 

32. 

11 

Moxahala. 

Nelsonville     ** 

»*     62* 

30. 

IS 

New  Lexington. 

Nelsonville     " 

«*    eo* 

30. 

13 

Tunnel. 

Nelsonville    " 

u     67* 

24. 

14 

Jonathan's  Creek. 

Nelsonville    " 

CI    ee* 

•  f 

21|. 

16 

Zanesyille. 

Limestone  (local). 

"    sr 

*< 

48. 

16 

Coshocton  Co. 

Coal  Seam  No.  6. 

K     20- 

82. 

17 

Crawford  Co. 

Waverly. 

"     69' 

54. 

18 

Valley  of  Mohican.     " 

Conl  No.  1. 

"     53* 

24. 

19 

N  w  PhiUdelphia. 

Limestone  (local). 

"      86* 

10. 

80 

Bolivar. 

Limeetone  (local). 

ti     73. 

25. 

21 

Wayne  Co. 

Coal  No.  6. 

«      »i' 

16. 

82 

Massillon. 

Coal  No.  1  (local). 

u     71. 

15|. 

83 

Stark  Co. 

Coal  No.  1  (local). 

"     83* 

9. 

84 

Sandy  Valley. 

Coal  No.  4. 

«     43* 

36. 

85 

Summit  Co. 

Coal  No.  1. 

"      63* 

8i. 

86 

Cuyahoga  Co. 

Berea  Grit. 

"       8*  West 

IL 

87 

Lorain  Co. 

Berea  Grit. 

"     84' 

u 

9. 

88 

Geauga  and  TrumbnU. 

Conglomerate. 

"     87*  East 

64. 

89 

Portage  and  Trumbull. 

Coal  No.  1. 

"     12* 

(( 

80. 

80 

Conotten  Valley. 

Coal  No.  6  (local). 

North  80* 

tl 

141. 

81 

Mineral  Point 

Coal  No.  6. 

South  S2* 

« 

164. 

82 

Mahoning  Valley. 

Coal  No.  1. 

"     22» 

•  i 

14. 

83 

Mineral  Ridge. 

Coal  No.  1  (local). 

**      18* 

41 

16&. 

84 

Lowell. 

Coal  No.  1  (local). 

a      37. 

41 

13. 

85 

Rochesster,  Columbiana  Co. 

Coal  No.  6  (local). 

•»    W 

«l 

80. 

86 

Hanover,  Columbiana  Co. 

Limestone. 

"      20* 

It 

16. 

87 

Salineville,  Columbiana  Co. 

Coal  Seams  (local). 

North  70*  to 

**     82* 

(i 

80  to  100. 

88 

Hammond's  Station,  Col.  Co. 

Coal  Seams  (local). 

SouUi  50* 

<{ 

67. 

39 

Steubenvillo. 

Pittsburg  Seam. 

"     37* 

l( 

23. 

40 

Wheeling. 

Pittsburg  Seam. 

«     46* 

(* 

63. 
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By  inspecting  the  map,  it  will  be  seen  that  the  Waverly  strata, 
and  the  conglomerate  below  the  coal,  dip  regularly  to  the  east, 
southeast,  and  south,  beneath  the  coal-bearing  rocks.  The  floor 
of  the  coal  series,  though  irregular,  is  flatter  than  the  seams  of 
coal,  limestone,  and  iron  ore  of  the  series ;  which  are  not  conform- 
able, but  dip  at  a  sharper  though  at  a  low  angle.  These  irregu- 
larities and  this  want  of  conformability,  are  not  here  the  result  of 
mechanical  disturbance  since  the  deposition  of  the  coal ;  but  are 
due  to  irregular  deposition.  On  the  Pennsylvania  side  of  the 
trough,  there  have  been  flexures  due  to  the  rise  of  the  Alleghanies ; 
the  number  and  extent  of  which  are  described  by  Rogers.  The 
axis  or  medial  line  of  the  trough,  representing  its  deepest  parts, 
which  is  shown  in  red  lines  bears  about  northeast  and  southwest, 
and  is  parallel  to  the  general  crests  of  the  Alleghany  Mountains. 
It  lies  to  the  east  of  the  valley  of  the  Ohio,  but  it  is  parallel  with  the 
general  course  of  the  river  from  Beaver,  Pa.,  to  Pomeroy,  Ohio. 

I  also  exhibit  four  profiles ;  A,  B,  C  and  D,  extending  across 
the  field  from  the  southeasterly  rim  in  West  Virginia  and 
Pennsylvania,  at  right  angles  to  the  axis,  based  upon  personal 
observations  and  the  reports  of  those  states  and  Ohio. 

I  have  besides  made  five  profiles  through  the  northwestern  part 
of  the  field  in  Ohio,  from  a  point  on  the  medial  line  in  western 
Pennsylvania,  radiating  to  the  west  around  to  the  north,  which  are 
not  shown  in  the  plan. 

Most  of  the  recent  survey  in  the  northeastern  part  of  the  Ohio 
coal  field,  remains  as  yet  unpublished ;  but  as  far  as  reported  there 
are  four  flexures  or  undulations  laid  down. 

The  axes  of  these  reputed  undulations  in  the  strata,  are  shown 
by  my  red  lines,  and  are  all  of  them  nearly  north  and  south,  and 
therefore  parallel  to  each  other.  Of  these  four,  the  one  which 
crosses  the  Ohio  near  Marietta,  is  probably  due,  not  to  mechanical 
elevation,  but  to  unevenness  of  the  floor,  and  the  irregular  distri- 
bution ol  the  materials  of  the  series.  ; 

Of  those  reputed  to  exist  farther  north,  I  find  no  proof  of  their 
existence.  If  they  had  an  existence,  as  mechanical  flexures,  due 
to  the  rise  of  the  Alleghanies,  they  should  be  parallel  to  them,  and 
not  have  as  to  them,  the  bearing  of  an  acute  angle. 

The  profiles  I  exhibit  represent  the  number  of  coal  seams  in  diflbr- 
ent  parts  of  the  basin,  especially  on  its  opposite  sides.  Their  number 
diflers  materially  in  the  dififerent  profiles,  and  in  diflerent  ends  of  the 
same  profile ;  showing  conclusively  that  they  are  not  continuous. 
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It  is  the  same  with  the  other  strata  of  limerock,  iron  ore,  sand- 
stone and  shale,  that  go  to  make  up  the  series.  The  conglomerate, 
or  its  geological  equivalent,  is  found  regularly  at  the  base  of  the 
series  everywhere,  but  in  the  hundreds  of  local  profiles  already 
reported,  there  is  a  general  disagreement,  both  in  the  number  and 
character  of  the  beds.  Uniformity  instead  of  being  a  rule,  is  a 
very  rare  exception.  The  great  Pittsburg  seam,  is  the  most  persist- 
ent and  reliable  stratum  of  the  series ;  but  beneath  this  there  is 
not  a  single  bed  of  the  series  that  is  continuous  over  large  spaces. 
Towards  the  bottom,  especially  at  the  northwest,  in  the  region  on 
which  the  reports  are  still  wanting,  this  want  of  irregularity  is 
more  prominent  than  elsewhere. 

This  irregularity,  the  flatness  of  the  beds  and  the  small  space 
between  them,  renders  attention  to  physical  geology  indispensable. 
Its  complications  and  the  true  position  of  the  coal  seams,  can  be 
discovered  in  no  other  way. 

A  thorough  investigation  in  that  line,  will  demonstrate  that  the 
beds  in  northeastern  Ohio  are  not  persistent  in  any  dii;eetion,  and 
that  it  is  a  fundamental  error  to  attempt  to  harmonize  them  on  the 
theory  of  undulations. 

1st.  Because  if  there  are  dynamical  waves  in  the  strata,  having 
relations  to  the  Alleghany  system,  they  should  be  parallel  to  the 
axes  of  that  system,  and  must  extend  to  the  Waverly  system  below 
the  coal. 

2nd.  There  can  be  no  undulation  without  producing  a  reverse 
dip  on  the  outer  side  of  the  flexure,  that  is  to  the  west  and  north- 
west. 

3d.  In  a  region  where  the  profiles  show  rapid  changes  in  the 
number  of  the  strata,  that  fact  is  a  sufilcient  explanation  of  all 
visible  irregularities. 

4th.  The  diflerence  between  a  true  and  a  false  conclusion,  as 
to  the  structure,  is  material  in  a  practical  as  well  as  a  scientific 
sense,  because  the  number  and  the  position  of  the  coal  seams,  and 
therefore  their  value,  is  affected  by  it. 

Profile  A. A.,  cuts  across  the  northerly  end  of  the  series  from 
Brownsville,  Pa.,  to  Akron,  Ohio.  In  the  valley  of  the  Mononga- 
hela,  the  lower  coal  series  docs  not  come  to  the  surface.  The 
number  of  coal  seams  in  the  upper  series,  according  to  Rogers,  is 
five. 

Profile  B.B.   From  Monongahela  City  to  Massillon  is  so  near 
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the  line  of  A.A.,  that  it  does  not  differ  essentially,  and  will  be 
passed  over. 

Profile  C.C.  From  Moi^antown,  West  Virginia,  high  up  the 
Monongahela  Valley  to  Millersburg  in  Holmes  County,  Ohio,  in 
the  valley  of  the  Eilbuck,  shows  both  the  upper  and  lower  series. 
At  Morgantown  and  vicinity,  the  lower  barren  measures  can 
scarcely  be  said  to  exist,  which  in  some  of  the  profiles  separate 
the  upper  and  lower  productive  measures.  Here  the  thickest 
barren  ground  is  204  feet,  with  another  of  195,  With  coal  seams 
above  and  below  both, /our  above  the  Pittsburg  seam  and  eleven 
below,  or  sixteen  in  all. 

Profile  D.D.     From  Charleston,  West  Vii-ginia,  to  McArthnr's 
Town,  Vinton  Co.,  Ohio,  cuts  across  the  basin  still  farther  south 
and  shows  the  entire  thickness.    In  the  valley  of  the  Eenawha  the 
investigations  do  not  as  yet  show  the  upper  series  or  the  lower 
barren  measures.     There  is  a  space  of  about  300  feet  in  thickness 
below  Charleston,  in  which  no  coal  is  known ;  and  below  which* 
there  are  seven  beds.    Above  it  I  have  seen  seven  seams,  either 
lying  flat  or  dipping  northwest,  one  of  which  should  answer  to  the 
Pomeroy  seam,  which  Professor  Andrews  regards  as  the  same  as 
the  Wheeling  and  Pittsburg  seam.     But  which  of  them  or  whether 
any  of   the  upper   beds,  corresponds  to  the  Pomeroy,  on  the 
Kenawha,  is  by  no  means  settled. 

The  heavy  bed  now  wrought  at  Pocatolico  or  Raymond  City,  is 
regarded  by  some  geologists  as  the  same  as  the  Pomeroy,  rising  to 
the  southeast.  Provisionally  the  total  number  of  seams  on  this 
line  may  be  called  fourteen,  but  the  stratification  of  the  upper 
series  is  very  irregular. 

The  outcrops  on  the  Virginia  side  of  the  basin,  differ  in  many 
respects  from  those  on  the  opposite  or  northwest  side  in  Ohio,  but 
require  more  investigation  before  these  differences  can  be  dwelt 
upon  with  much  confidence.  Below  the  lowest  coal,  is  everywhere 
on  this  side  a  heavy  sandstone  conglomerate,  which  is  often 
wanting  on  the  Ohio  side. 

Crossing  over  to  Pomeroy  the  rock  above  the  coal  is  a  heavy 
sandstone,  differing  entirely  from  the  overlying  beds  of  the  great 
seam  at  Wheeling  and  Pittsburg,  which  are  bastard  limestone. 
The  lower  barren  measures  do  not  here  constitute  a  marked  feature, 
and  are  as  doubtful  as  at  Charleston,  and  at  Morgantown,  being 
only  about  250  feet  thick.    Below  this,  in  Gallia,  Jackson,  and 
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Vinton  Counties,  there  are  Jive  to  seven  coaV  seams,  the  lowest  of 
which  rests  on  conglomerate,  or  on  the  Logan  sandstone.  Profiles 
in  different  places  show  that  the  beds  of  coal  are  not  strictly 
continuous,  and  the  same  in  regard  to  limerock,  sandstone,  and 
iron  ore. 

Here  my  system  of  triangles  for  dip  commences,  using  all  the 
strata  that  are  capable  of  identification  at  distant  points,  from  the 
Waverly  up  to  the  upper  coal  beds.  These  carried  forward  through 
Ohio  show  no  case  of  a  reverse  or  northwesterly  dip  in  any  bed  of 
the  series,  which  could  not  have  escaped  exposure,  in  so  many 
lines,  profiles  and  plans ;  if  it  existed.  The  inclination  is  uniformly 
east,  southeast,  and  south  in  direction,  but  is  quite  various  in  the 
tate  per  mile. 

But  for  the  present  I  continue  my  references  to  the  lower  barren 
measures.  This  name  originated  with  the  Pennsylvania  and 
Virginia  geologists,  under  the  direction  of  the  brothers  Rogers, 
thirty-five  years  since.  Where  they  first  developed  the  idea  in 
Western  Pennsylvania,  the  Pan  Handle  of  Virginia,  and  on  the 
Ohio  from  Pittsburg  to  Wheeling,  this  barren  ground  next  below 
the  great  Pittsburg  seam,  is  from  350  to  530  feet  thick,  and  is  a 
very  marked  horizon.  It  is  heaviest  at  the  mouth  of  Rush  Creek, 
between  Steubenville  and  Wheeling,  where  it  is  534  feet  thick, 
principally  of  sandstone,  carrying  no  show  of  coal.  Twenty-five 
miles  northwest  in  Harrison  County,  Ohio,  Prof,  Reid  makes  it 
320  feet,  and  forty  miles  west,  in  Guernsey  and  Muskingum 
Counties,  the  thickest  barren  space  is  only  143  feet,  according  to 
Prof.  Andrews,  and  no  greater  than  many  other  barren  spaces. 
Southward  from  profile  C.C.,  it  ceases  to  be  a  prominent  or  relia- 
ble horizon,  which  casts  doubt  on  the  identity  of  the  Pomeroy  with 
the  Pittsburg  seam.  Below  it,  on  the  Wheeling  profile,  are  seven 
or  eight  seams  of  coal,  and  on  the  Yellow  Creek,  A.A.,  eight  to 
eleven. 
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« 

On  the  Geology  of  the  Southern  Counties  of  New  Tork 
and  adjacent  parts  of  pennsylvania  ;  especially  with 
reference  to  the  Age  and  Structure  of  the  Catskill 
Mountain  Range.    By  James  Hall,  of  Albany,  N.  Y. 

AB8T11ACT. 

The  object  of  this  paper  is  mainly  to  state  and  illustrate  the 
results  of  four  years  of  labor,  chiefly  in  the  Southern  counties  of 
New  York  and  the  adjacent  northern  portions  of  Pennsylvania,  by 
Mr.  Andrew  Sherwood,  assisted  by  Mr.  Clark  Sherwood,  under 
my  direction. 

The  question  had  been  raised  regarding  the  existence  of  the  Old 
Red  Sandstone,  or  Catskill  Group,  within  the  limits  of  New  York, 
although  a  considerable  area  had  been  thus  colored  on  the  original 
geological  map  of  the  State.        ^ 

The  assertion  of  the  non-existence  of  this  formation  in  the  State, 
had  induced  me  many  years  since,  to  review  some  portions  of  my 
work  of  1844,  and  while  in  the  main  features  it  was  found  correct, 
it  became  evident  that  something  farther  was  needed  in  the  eluci- 
dation of  the  structure  of  the  Catskill  region.  In  fact,  it  became 
evident  that  one  could  travel  from  Schoharie  County  to  Pennsyl- 
vania line,  on  rocks  of  the  Chemung  group,  without  touching  or 
seeing  the  Old  Red  Sandstone.  And  from  this  circumstance  arose 
the  statement  of  the  absence  of  this  formation  from  the  State  of 
New  York.  It  became  a  very  different  matter,  however,  when  one 
crossed  the  same  region  of  country  from  east  to  west. 

After  several  visits  to  this  region,  and  notably  one  in  1857,  with 
Sir  William  E.  Logan  and  Andrew  C.  Ramsay  (the  latter  now 
Director  of  the  British  Geological  Survej^),  the  question  of  the 
Geological  Age  of  this  great  accumulation  of  strata  assumed  a 
still  more  important  aspect ;  and  the  question  had  never  been  lost 
sight  of;  though  for  many  years  it  had  been  quite  impossible  for 
me  to  undertake  the  investigation. 

Referring  to  the  Geological  Map  of  New  York,  of  1843,  a  large 
area  is  colored  as  Catskill  Group  without  indication  of  Geological 
structure.  A  similar  feature  was  seen  in  Northern  New  York; 
where  the  limits  of  the  Laurentian  system  had  barely  been  deter- 
mined. Geological  Surveys  have  been  carried  on  with  too  much 
haste,  and  under  the  pressure  of  necessity,  from  limited  time; 
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therefore  it  was,  that  we  were  compelled  to  content  ourselves  with 
determining  the  limits  of  formations,  and  not  the  structure,  which 
required  long  and  careful  investigation. 

In  1870,  when  for  the  first  time  I  was  able  to  give  attention  to 
this  part  of  the  country,  there  was  no  definite  knowledge  of  the 
region ;  the  record  of  the  Geological  Map  had  been  controverted, 
and  a  denial  of  the  existence  of  the  Catskill  or  Old  Red  Sandstone, 
within  the  State  of  New  York,  was  the  prevalent  opinion. 

Mr.  Sherwood  was  emploj'ed  to  begin  his  investigations  in  the 
Spring  of  1871,  and  has  continued  till  the  close  of  1874.  To  ac- 
complish the  work  represented  on  the  map  before  you  has,  there- 
fore, cost  the  labor  of  two  men  for  four  years.  It  now  presents 
the  aspect  of  a  piece  of  work  completed,  except  that  from  the 
erroneous  maps  of  the  State  we  are  unable  to  give  more  than  the 
approximate  limits  of  the  outcrops. 

The  work  has  not  only  accomplished  what  was  undertaken,  but 
has  proved  conclusively,  the  existence  (first  suspected  in  1857) 
of  higher  formations,  lying  upon  the  red  Catskill  rocks. 

The  entire  region,  from  the  base  of  the  Catskill  range  to  the 
western  limits  of  the  red  rocks,  in  Chenango  County,  presents  a 
series  of  nearly  parallel  anticlinal  and  synclinal  folds ;  and  the 
same  structure  is  continued  to  the  western  limits  of  the  State, 
although  the  red  rocks  may  not  appear  within  the  State ;  and  the 
formation  probably  thins  out  entirely,  before  reaching  the  western 
boundary  of  New  York  and  Pennsylvania. 

The  topographical  sketch  presents  a  view  of  the  Catskill  range 
from  the  east  side  of  the  Hudson  River,  opposite  to  Catskill,  look- 
ing over  the  shales  of  the  Hudson  River  Group.  In  this  view  the 
general  dip  of  the  rocks  is  perceptible  in  their  inclination  to  the 
southward. 

In  a  cross  section  of  this  range,  as  shown  in  the  accompanying 
diagram,  the  dip  of  the  strata  to  the  northwest  and  southeast  is 
shown,  forming  synclinal  and  anticlinal  folds,  of  which  five  syncli- 
nals and  six  anticlinals  are  included  in  the  extent  given. 

The  expression  of  the  map  in  its  coloring,  shows  the  direction 
and  extent  of  certain  belts  of  red  rock,  which  in  some  part  of 
their  extent  are  crowned  by  gray  sandstone  and  conglomerate,  re- 
ferred to  the  Vespertine  and  Umbral  formations  of  Professor 
Rogers,  and  are  regarded  as  belonging  to  the  Carboniferous  age. 

These  belts  are  the  synclinal  axes,  which  sometimes  embrace 
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the  higher  rocks  within  their  folds,  and  have,  in  some  localities, 
been  so  far  eroded  as  to  leave  only  a  narrow  belt  of  red  rock,  and 
even  this  has  been  in  many  places  removed,  and  the  erosion  has 
penetrated  deeply  into  the  rocks  of  the  Chemung  Group. 

Going  to  the  south  of  the  State  line,  these  synclinals  carry  out- 
liers of  the  coal-measure,'  greater  or  less  in  extent,  as  shown  by 
the  roap.^  In  the  Catskill  region  the  general  direction  of  these 
synclinals  and  adjacent  anticlinals  is  from  southwest  to  north- 
east ;  but  farther  to  the  westward  they  gradually  decline  in  abrupt- 
ness, and  assume  a  more  nearly  east  and  west  direction. 
^  The  anticlinals  are  every  where  "valle^ys,  along  which  the  streams 
Bow  and  the  main  9oads  of  the  country  are  made ;  the  road  from 
Kingston  to  Delhi  being  the  principal  exception.     In  going  to  the 
east  or  west  of  these  we  ascend  over  the  rough   and   broken 
country  formed  by  the  outcropping  of  the  Red   Sandstone  and 
Conglomerate.     Owing  to  the^'great  difficulty  of  crossing- this 
country,  we  have  long  remained  ignorant  of  its  geological  struct- 
ure.    The  synclinals  everywhere  present  high  and  broken  ridges, 
and  more  especially  so  when  the  Vespertine  and  Umbral  rocks  form 
the  terminal  mass. 

It  is  true  that  the  Delaware  and  Susquehanna  Rivers  both  flow 
across  or  through  these  synclinals,  in  channels  made  by  deep  ero- 
sion. 

The  parallel  ridges  of  the  high  country  culminate  in  the  Catskill 
Mountains,  where  we  have  an  ele-vatiou .  of  nearly  fput  thousand 
feet  above  tide-wat^r*  ,  The  cause  of  this  greater  elevation  is 
shown  to  be  due  to  the  convergence  of  three  synclinals,  which, 
presenting  such  a  mass  of  material  to  the  eroding  forces,  has  pre- 
vented the  anticlinals  from  being  excavated  below  the  red  rocks 
of  the  Catskill  formation.  To  this  condition  we  are  indebted  for 
the  higher  portions  of  the  range,  which  present,  in  a  topographical 
aspect,  only  an  irregularl}'  scattered  mass  of  mountain  elevationi^. 

The  section  exhibited,  crossing  the  Catskill  range  from  Schene- 
Yus  to  Glasco,  is  on  a  line  south  of  the  culminating  ridges,  and 
therefore  does  not  present  the  highest  points  of  the  range.  The 
lower  rocks  of  the  section  are  of  the  Chemung  Group ;  but  the  re- 
lations of  all  these  are  shovfn  on  the  smaller  section  from  the 
Mohawk  to  Carbondale. 

The  lower  beds  shown,  of  Portage  and  Chemung,  have  a  thick- 
ness of  more  than  two  thousand  feet ;  while  the  red  rocks  above, 
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which  may  be  referred  to  the  Catskill,  are  about  three  thousand  feet 
thick,  and  the  higher  beds,  of  Vespertine,  extending  to  the  summit 
of  Round-Top,  may  be  reckoned  at  about  eight  hundred  feet.^ 

The  passage  from  the  red  rocks  to  the  Gray  Sandstone  and 
Conglomerate  is  gradual,  with  alternations  of  red  and  gray  rocks, 
and  does  not  alfford  any  strong  line  of  demarcation. 

The  remains  of  Holoptychius,  in  the  form  of  bony  plates,  frag- 
ments of  bone,  etc.,  extend  through  a  thickness  of  more  than  two 
hundred  feet. 

In  its  western  extension,  the  red  rock,  with  its  alternations  of 
green  and  mottled  beds,  shows  a  gradual  thinning,  and  finally 
seems  to  be  lost  entirely.  » 

One  of  the  greatest  difficulties  met  with,  in  this  investigation, 
has  been  the  occurrence  of  red  and  greenish  shales  in  the  Chemung 
and  Portage  beds ;  and  the  finding  of  gray  beds  with  Chemung 
fossils  at  an  elevation  of  at  least  one  hundred  and  fifty  feet  above 
the  base  of  the  red  rocks,  which  had  alwavs  been  referred  to  the 
Catskill  formation. 

We  have  finally,  however,  ascertained,  as  I  believe,  the  limits  of 
the  formation,  and  though  not  always  in  strong  contrast  with  the 
rocks  below,  we  have  been  guided  both  by  physical  and  biological 
conditions. 

In  the  interval  between  well  marked  Chemung  and  typical  Cats- 
kill,  there  are  beds  of  intermediate  character,  and  we  sometimes 
find  a  few  fossils  of  the  lower^  rocks.  The  same  means  of  dis- 
tinction do  not  occur  in  all  localities.  In  some  places  the  indica- 
tions of  the  Catskill  are  in  the  red  shales  and  diagonally  laminated 
sandstones.  In  other  places  we  find  a  mass  of  vegetation  with  or 
without  the  presence  of  the  large  Lamellibranch,  known  as  CyprU 
cardites  Catskillensis.  The  occurrence  of  this  fossil  may,  in  my 
opinion,  be  relied  on  as  characterizing  the  base  of  the  Catskill 
formation,  while  the  HoloptycMus  marks  the  beds  above,  but  still 
is  not  known  above  the  middle  of  the  formation. 

Another  question,  involved  in  this  investigation,  has  been  the 
determination  of  the  relations  of  these  red  rocks  to  the  superior 
sandstones  and  conglomerates,  which  in  eastern  New  York  and 
Pennsylvania  are  known  as  Vespertine  and  Umbral.    The  question 

^  That  the  entire  monntoln  elevation  above  tidewater  does  not  exceed  four  thousand 
feet,  is  duetto  the  dip  of  the  strata,  which  makes  the  elevation  so  maob  less  than  the 
thickness. 
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also  as  to  the  character  of  these  latter  rocks  in  their  w^tem  ex- 
tension, is  one  of  great  interest,  and  whether  the  Waverly  sand- 
stones of  Ohio  may  or  may  not  be  a  continuation  of  the  former. 

In  some  localities  in  the  border  counties  of  western  PennsjI- 
yania,  the  rocks  regarded  as  the  Waverly  Group  of  Ohio,  rest 
directly  upon  the  Chemung ;  and  the  fossils  of  the  Chemung  pass 
into  the  higher  beds  and  mingle  with  other  species  regarded  as 
carboniferous  forms. 

Indeed,  fVom  the  little  I  have  seen,  I  should  say,  that  in  the 
region  referred  to,  there  are  more  species  of  fossils  passing  from 
the  Upper  Chemung  into  the  Waverly  formation,  than  there  are 
species  passing  from  the  lower  to  the  upper  division  of  the  Che- 
mung Group  proper. 

The  question  is  of  great  interest  in  view  of  the  supposed  horizon 
of  carboniferous  forms ;  but  if  we  are  able  to  substantiate  the 
foregoing  proposition,  I  think  it  will  be  shown  that  the  Chemung 
fauna  continued  its  existence  till  after  the  appearance  of  carbonifer- 
ous forms,  and  that  the  two  faunas,  if  they  can  be  properly  so  re- 
garded, lived  in  the  same  sea  and  at  the  same  epoch;  and  the 
question  of  the  limits  between  Devonian  and  Carboniferous  forma- 
tions, is  likely,  at  least  for  some  time,  to  remain  undetermined  in 
some  parts  of  the  country. 

The  map  before  the  Association  I  regard  as  expressing  our  pres- 
ent knowledge  of  the  extent  of  these  formations,  and  the  structure 
of  the  country  occupied  by  the  same. 

The  work  is  still  unfinished  in  the  western  part  of  the  State ; 
but  we  have  indications  of  what  we  may  expect  to  find  on  farther 
investigation. 


A   COMPARISON   BETWEEN   THE   OhIO   AND  WeST   VIRGINIA  SIDES  OF 

THE    Alleghany    Coal-field.      By    E.    B.    Andrews,  of 

Lancaster,  Ohio. 

« 

In  the  study  of  the  Alleghany  coal-field  it  is  necessary  to  have 
some  defined  geological  horizon  to  serve  as  a  datum  line  with 
which  to  collate  the  various  strata.  Sometimes  the  underlying 
formation — conglomerate  in  western  Pennsylvania  and  Waverly 
in  Ohio — is  taken  for  such  base  line,  and  measurements  are  made 
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to  the  strata  above,  and  the  coal-seams  are  lettered  or  numbered 
accordingl}'.  But  the  conglomerate  is  an  uncertain  formation  and 
the  Waverly  presents  a  very  undulating  and  uneven  surface,  as 
shown  by  Mr.  M.  C.  Reed  and  myself  in  the  Ohio  Geological 
Reports. 

In  this  discussion  I  prefer  to  take  the  horizon  of  the  Pittsburgh 
seam  of  coal  as  the  base  of  measurement. 

This  seam  is  of  wide  extent,  being  225  miles  long  and  about 
100  miles  wide,  and  easily  recognized  by  geologists.     It  has  been 
asserted  that  this  seam  was  formed  in  a  trough  with  the  Alleghany 
mountains  forming  a  sloping  side  on  the  one  hand,  and  the  Cincin- 
nati uplift  on  the  other,  and  as  the  subsidence  — which  is  conceded 
to  have  been  regular  and  uniform  —  continued,  the  marsh,  with  its 
accumulated  vegetable  matter,  crept  up  either  slope.    In  time  the 
centre  or  lowest  part  was  buried   by  sediments,  and  new  land 
surfaces  were  formed  on  which  vegetation  grew,  and  other  result- 
ing seams  of  coal  stretched  across  the  trough,  from  side  to  side, 
like  the  chords  of  an  arc,  but  all  coalescing  with  the  great  seam 
ever  rising  along  the  margin  to  meet  them.     I  know  of  no  proof 
whatever  that  the  Alleghany  mountains  were  uplifted  just  before 
the  era  of  the  upper  coal-measures,  nor  is  there  any  that  the  slope 
on  the  side  of  the  Cincinnati  uplift  differed  at  the  time  the  Pitts- 
burgh seam  was  formed  from  what  it  had  been  during  the  era  of 
the  lower  coal-measures.    There  is,  furthermore,  no  proof  that  the 
upper  and  lower  coal-measures  are  unconformable,  as  they  must 
necessarily  be  if  the  theory  controverted  be  true.    Moreover,  as 
a  matter  of  fact,  in  Ohio,  in  locations  which  I  have  carefully 
examined,  where  the  seams  above  the  Pittsburgh  seam  are  said  to 
coalesce  with  the  latter,  there  is  no  such  coalescing,  but  the  seams 
continue  westward  long  distances  beyond  the  points  where  the 
union  is  supposed  to  have  taken  place. 

Disregarding,  therefore,  the  discredit  attempted  to  be  thrown 
upon  the  great  Pittsburgh  seam  as  exceptional  in  its  mode  of 
formation,  I  shall  confidently  assume  it  as  a  trustworthy  datum 
line  to  guide  us  in  our  investigations. 

This  seam  occupies  nearly  the  centre  of  the  northern  and  wider 
part  of  the  Alleghany  coal-field,  and  extends  through  portions  of 
Pennsylvania,  Ohio,  and  West  Virginia.  It  does  not  reach 
Kentucky,  its  limit  of  extension  to  the  southwest  being  not  far 
from  the  mouth  of  the  Guyandotte  River  in  West  Virginia. 
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Now,  if  we  take  this  seam  of  coal  and  follow  around  its  line  of 
outcrop  and  measure  ftom  it  down  to  the  base  of  the  Productive 
coal-measures,  we  find  the  intervals  quite  uniform  through    the 
larger  part  of  the  circuit.    In  Ohio,  according  to  Dr.  Newberry's 
measurements  and  mj  own,  it  is  IVom  700  to  800  feet.     In  Penn- 
sylvania, on  the  Alleghany  River  north  of  Pittsburgh,  it  is  reported 
by  Prof.  H.  D.  Rogers,  to  be  from  600  to  700  feet ;  or  800  feet 
including  the  conglomerate  underneath.     In  the  northern  pajrt  of 
West  Virginia,  a  little  south  of  the  Pennsylvania  line,  it  is  re- 
ported to  be  500  feet.    But  in  West  Virginia,  farther  south,  the 
interval  is  far  greater,  as  will  be  shown.    If  we  make  a  section 
across  the  whole  coal-field,  including  the  Ohio  side  of  the  syncli- 
nal axis,  taking  the  general  line  of  the  Kanawha  River,  we  find  the 
south-eastern  side  of  that  axis  not  only  very  much  wider  territori- 
ally, but  also  containing  a  much  greater  thickness  or  depth  of 
Productive  coal-measures.    The  Pomeroy  seam  of  coal,  which  I 
have  shown  in  the  Ohio  Geolc^ical  Reports  to  be  identical  with 
the  Pittsburgh  seam,  dips  to  the  southeast  under  the  Kanawha 
River  a  little  above  its  mouth.    A  few  miles  higher  up  the  river 
it  reappears  on  the  other  side  of  the  synclinal  axis,  and  has  been 
identified  by  Prof.  W.  B.  Rogers  and  others.     From  this  point  we 
descend  the  geological  series  in  going  to  Charleston,  or  perhaps 
to  a  point  a  little  above  Charleston,  through  an  interval  estimated 
to  be  700  feet.     Professor  Fontaine,  who  has  contributed  some 
valuable  articles  to  the  '^  American  Journal  of  Science "  on  the 
Geology  of  West  Virginia,  writes  me  that  he  thinks  it  may  be 
greater  than  this. 

From  Charleston  to  the  Kanawha  Falls  we  descend  in  the  series 
from  1,000  to  1,200  feet.  I  measured  the  interval  between  the 
coarse  conglomeratic  sandrock  of  the  falls  and  one  of  the  upper 
coal-seams  on  Cotton  Mountain,  a  seam  which  is  believed  to  dip 
below  the  river  a  little  above  Charleston,  and  found  it  nearly  1,200 
feet. 

Prof.  Fontaine  estimates  1,200  feet  as  the  thickness  of  the  coal- 
measures  between  the  top  of  the  sandrock  of  the  falls  and  the 
southeastern  outcrop  of  the  measui'cs  up  New  River.  A  thousand 
feet  have  been  measured,  and  he  estimates  200  feet  for  a  space  not 
measured. 

This  makes  a  total  of  3,100  feet  from  the  horizon  of  the  Pitts- 
burgh seam  to  the  base  of  the  Productive  measures.    This  is  excln- 
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sive  of  2,132  feet  of  lower  shales  and  limestones,  the  Lewisbarg 
limestone,  according  to  Prof.  Rogers,  being  822  feet  thick.  This 
limestone  is  perhaps  local,  as  Prof.  J.  P.  Lesley  makes  no  mention 
of  finding  it  in  his  investigations  in  Tazewell,  Russell  and  Wise 
counties,  to  the  southwest,  where  he  found  the  lower  coals  and 
underlying  Devonian  rocks  caught  in  curious  lines  of  faults  and 
upthrows,  which  have  brought  to  the  surface  lower  Silurian  lime- 
stones. 

'  But  the  Lower  Carboniferous  limestones  appear  in  full  force 
farther  southwest  in  Tennessee.  We  have,  therefore,  about  2,400 
feet  more  depth  of  Productive  coal-measures  below  the  Pittsburgh 
seam  in  West  Virginia  than  in  Ohio  and  Western  Pennsylvania. 
My  own  personal  explorations  on  the  tributaries  of  the  Kanawha, 
and  on  the  upper  waters  of  the  Guyandotte  and  of  the  Tug  fork 
of  Big  Sandy,  led  me  to  the  belief  in  a  corresponding  thickness  of 
coal-measures  in  all  that  portion  of  the  State  extending  southwest- 
ward  to  Kentucky. 

Perhaps  the  most  valuable  range  of  bituminous  coals  in  the 
United  States  is  that  belt,  which,  beginning  upon  Elk  River,  passes 
the  Kanawha  between  Charleston  and  Kanawha  Falls,  includes  the 
Coal-river  field,  and  crosses  the  Guyandotte,  the  upper  Twelve 
Pole,  and  Tug  and  Louisa  forks  of  Big  Sandy.  This  belt  belongs, 
geologicall3%  to  a  space  in  the  vertical  series,  which  is  below  the 
horizon  of  the  base  of  the  coal-measures  in  Ohio  and  Western 
Pennsylvania.  Yet  below  this  group  eomes  in  another,  which 
Prof.  Fontaine  designates  as  the  Conglomerate  series. 

If  we  replace  the  strata,  now  included  on  either  side  of  the 
synclinal  axis,  in  their  original  horizontal  position,  we  find  the 
proof  of  a  vast  depression  of  the  surface  in  this  portion  of 
West  Virginia  at  the  beginning  of  the  series  of  Productive  coal- 
measures. 

It  was  doubtless  a  trough,  a  geos3mclinal,  according  to  Prof. 
Dana's  nomenclature,  and  a  part  of  the  great  Appalachian  system 
of  the  wrinkling  and  folding  of  the  continent.  To  the  southeast 
there  were  at  the  time  elevated  lands  of  older  formations,  stretch- 
iog  along  the  same  Appalachian  line  of  disturbance  and  upheaval. 

On  the  northern  and  western  side  of  this  vast  basin  lay  the 
marginal  plateau  of  the  Waverly  more  than  2,000  feet  high,  with 
the  yet  higher  lands  of  the  Cincinnati  uplift  in  the  distant  western 
background. 
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This  trough  had  somewhere  a  connection  with  the  ocean  and 
gradually  sank  below  the  water,  while  at  the  same  time  the  rivers 
from  the  highlands,  more  or  less  remote,  brought  in  sediments  of 
various  kinds.    The  sands  and  muds  sometimes  accumulated  so 
as  to  be  above  the  water,  and  during  intervals  of  repose  in  the 
subsidence,  vegetation  crept  out  over  the  newly  formed  surfaces  and 
formed  great  marshes,  which  when  subsequently  buried,  gave  to 
mankind  seams  of  coal.    The  spaces  between  the  seams  of  coal 
were  at  first  chiefly  filled  with  sand  which  now  constitute    the 
massive  sandrocks  which  characterize  the  whole  region  of   the 
lower  coals  of  West  Virginia.     Sometimes  the  sands  were  coarse 
and  gravelly,  and  formed  true  conglomerates.    The  conditions 
favorable  to  the  formation  of  limestone  did  not  exist,  and  in  the 
lower  2,000  feet  of  accumulations,  I  have  seen,  in  all  my  extended 
explorations  of  the  region,  only  a  single  limestone  layer,  and  that 
in  Webster  County,  on  the  head  of  Elk  River.     I  had  no  oppor- 
tunity to  examine  it  for  fossils. 

When  at  last,  in  the  subsidence,  this  basin  was  filled,  the  waters 
came  over  the  marginal  plateau  to  the  north  and  west,  a  region 
remarkable  for  its  stability  and  for  the  uniformity  and  evenness  of 
its  subsidence.    At  first,  over  the  newly  submerged  space  was 
spread  a  more  or  less  continuous  sheet  of  coarse  sand  and  gravel 
which  now  constitutes  the  coal-measures  conglomerate  of  Ohio  and 
Western  Pennsylvania.     The  continuity   of   the  sheet  is  often 
broken,  and  large  areas  around  the  margin  of  our  Ohio  coal-field 
show  no  conglomerate  whatever.     The  first  coal  marshes  grew  in 
the  hollows  and  depressions  of  the  Waverly,  depressions  formed, 
it  may  be,  wholly  or  in  part,  by  erosions  from  surface  drainage 
during  the  long  period  in  which  the  formation  had  remained  high 
and  dry  land.    After  the  whole  plateau  had  been  submerged  the 
same  process  of  filling  up,  and  marsh-forming  and  coal-making, 
went  on,  as  has  already  been  described,  with  the  exception  that 
the  waters  were  more  habitable,  and  the  layers  of  fossiliferous 
limestone  show  the  remains  of  crinoid,  mollusk  and  fish. 

Less  sand  and  more  mud  was  brought  in  and  shales  abound, 
although  sandstones  are  not  uncommon,  even  those  that  arc  con- 
glomeratic in  character.  The  Pittsburgh  seam  of  coal,  which  I 
have  used  as  my  basis  of  measurement,  was  by  no  means  the  last 
in  the  upward  series.  There  are  above  it  in  West  Virginia,  proba- 
bly 1,200  to  1,500  feet  of  coal-measures'  rocks,  with  several  seams 
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of  coal.  This  would  give  from  4,300  to  4,500  feet  of  Productive 
coal-measures  in  that  favored  State.  No  other  State  in  the  Union 
contains  so  great  a  vertical  range,  so  far  as  we  now  know. 

This  great  Kanawha  basin  or  trough  originally  extended  to  the 
south  or  southwest  so  as  to  include  the  area  in  which  the  coals  of 
Montgomery  County,  Va.,  were  formed,  for  these  coals  are  doubt- 
less the  equivalents  of  the  lowest  on  New  River,  as  are  also  the 
remnants  and  outliers  of  coal  in  Tazewell,  Russell,  and  Scott 
Counties. 

The  subsequent  upheavals  and  erosions  have  thrown  great 
difficulties  in  the  way  of  determining  the  course  and  extent  of  this 
ancient  trough.  I  have  no  sections  along  the  southeastern  side  of 
the  coal-field  in  Kentucky — for  these  we  must  look  to  Prof.  Shaler, 
now  engaged  in  the  prosecution  of  the  Kentucky  Survey — but  in 
Northern  Tennessee,  on  the  same  side  of  the  field,  Prof.  Saflford 
reports  about  2,500  feet  of  coal-measures  above  the  horizon  of  the 
Mountain  Limestone.  It  is  impossible,  in  the  absence  of  sections 
through  Kentucky,  to  determine  whether  these  2,500  feet  in 
Tennessee  were  formed  in  a  trough  of  equal  depth  with  that  on 
the  Kanawha.  It  was  doubtless  approximately  so,  and  we  have 
here  a  clew  to  the  direction  of  the  trough  to  the  southwest. 

If  the  Lewisburg,  West  Virginia  limestone,  is  the  equivalent 
of  the  Mountain  Limestone  of  Tennessee,  we  may  infer  that  this 
formation,  wherever  it  existed  along  the  line  of  the  geosynclinal 
depression,  was  carried  down,  while  the  lower  Carboniferous 
Limestone  of  Ohio  and  Northeastern  Kentucky,  on  the  north- 
western side  of  the  synclinal  axis,  were  not  involved  in  the  move- 
ment. In  Southern  Tennessee,  Prof.  Safford  reports  in  one  of  his 
sections  only  about  800  feet  of  coal-measures  above  the  Mountain 
Limestone,  the  upper  1,700  feet  having  doubtless  been  removed  by 
denudation.  If  not  thus  removed,  the  limestone  was  not  carried 
down  in  the  geosynclinal,  but  remained  on  the  higher  margin  as 
in  Ohio,  and  the  original  trough  by  which  connection  was  had 
with  the  sea  lay  probably  to  the  east. 

Did  the  same  geosj^nclinal  trough  extend  in  the  opposite  direc- 
tion from  the  Kanawha  Valley,  i.  e.,  to  the  northeast  through 
Pennsylvania?  If  the  equivalency  of  the  Pittsburgh  seam  has 
been  rightly  determined  in  the  Cumberland  and  Broad  Top  coal- 
fields, we  have  in  the  former,  according  to  Mr.  Tyson,  1,100  feet 
of  productive  measures  below  that  seam,  and  in  the  latter  about 
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700,  according  to  Prof.  Lesley.    Prof.  Lesley  has  recently  reported 
finding  in  the  Broad  Top  field  thin  coals  in  the  Lower  Carbonifer- 
ous, in  strata  which  he  regards  as  equivalents  of  the  Waverl^ 
Berea  grit  of  Ohio.    This  is  a  discovery  of  the  highest  interest 
but  it  will  not  affect  this  discussion,  since  I  confine  myself  to  what 
we  term  the  Productive  coal-measures.    The  geological  interval 
between  the  middle  of  the  Waverly,  with  the  Chester  Limestone 
above,  and  these  measures,  is  a  very  great  one.    It  may  be  re- 
marked, in  this  connection,  that  there  are  doubtless  areas  where  the 
lowest  portions  of  these  measures  contain  no  register  of  them- 
selves in  seams  of  coal,  the  conditions  of  coal-making  not  exist- 
ing, but  we  have  so  little  definite  information  on  this  point  that  it 
appears  to  be  necessary  to  make  our  limit  of  depth  the  lowest 
known  coals  of  the  proper  coal-measures.     It  is  quite  possible, 
for  example,  that  the  shales,  etc.,  between  the  lowest  known  coal- 
seam  on  New  River,  West  Virginia,  and  the  Lewisburg  Limestone, 
may  somewhere  contain  seams  of  coal,  but  it  is  not  best  in  this 
paper  to  assume  the  existence  of  such  facts. 

In  the  anthracite  coal-fields  of  Pennsylvania  there  is  so  much 
uncertainty  as  to  equivalents  of  the  Pittsburgh  seam  that  I  fear 
we  shall  gain  little  or  nothing  from  them  to  bear  upon  the  question 
of  the  original  depth  of  the  basin  in  which  they  were  formed. 
Prof.  Lesquereux,  in  his  chart  of  grouped  sections  in  the  fourth 
volume  of  the  Kentucky  Survey,  places  all  the  coal-seams  of 
Wilkesbarre,  Pittston,  Scranton  and  Carbondale,  below  the  horizon 
of  the  Pittsburgh  seam.  In  the  Pottsville  region  Mr.  Daddow 
claims  that  seam  G.  is  the  equivalent  of  the  Pittsburgh  seam  and 
is  650  feet  above  the  lowest  seam  in  the  series,  one  imbedded  in 
Conglomerate.  If  we  accept  this  equivalency  we  find  no  proof  of 
the  existence  of  the  deep  geosynclinal  trough  in  that  direction. 

If,  i^ain,  the  Conglomerate  of  Western  Pennsylvania  and  Ohio, 
were  once  one  and  continuous,  as  the  Pennsylvania  geologists 
affirm,  then,  since  to  the  west,  the  Conglomerate  was  not  deposited 
until  after  the  great  West  Virginia  trough  was  filled,  and  the  waters 
in  the  general  subsidence  came  over  the  great  marginal  plateau 
already  described,  we  may  well  infer  that  there  could  not  have 
been  an  extension  through  the  anthracite  region  of  the  geosyncli- 
nal valley.  There  was  only  enough  of  greater  depth  to  include 
the  increased  thickness  of  the  Conglomerate. 

The  comparison  of  the  two  sides  of  the  Alleghany  coal-field 
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suggests  a  very  great  difficulty  in  regard  to  the  determination  of 
tlie  place  of  what  is  termed  the  Goal-measures  Conglomerate.    Is 
there  an  established  horizon  for  such  Conglomerate  in  American 
geology  ?    In  Ohio  we  are  now  in  the  habit  of  calling  the  rock  the 
Conglomerate  which,  when  found  at  all,  lies  upon  the  Waverly 
(although  formerly  the  Waverly  Conglomerate  was  also  thus  desig- 
nated), and  is  approximately  from  600  to  800  feet  below  the 
horizon  of  the  Pittsburgh  seam  of  coal.    The  same  conglomerate 
extends  under  the  bituminous  coal-field  of  Western  Pennsylvania 
and  holds  the  same  relation  to  the  Pittsburgh  coal.    This  conglom- 
erate horizon  should  have  the  same  relative  distance  below  the 
Pittsburgh  seam  in  West  Virginia,  and  I  think  I  have  found  litho- 
logical  proof  of  it  in  a  very  coarse  conglomerate  on  Elk  River,  a 
branch  of  the  Kanawha  which  enters  the  latter  at  Charleston.     At 
the  Kanawha  Falls  is  a  conglomerate  more  than  a  thousand  feet 
lower  in  the  series.    This  rock  has  been  honored  with  a  capital  C, 
and  the  coals  in  the  1,200  feet  below  it  are  spoken  of  as  the  Con- 
glomerate series.     Still  below  this  series  and  below  all  the  coals, 
Prof.  W.  B.  Rogers  finds  another  conglomerate  in  the  New  River 
Valley,  as  does  Prof.  Lesley  under  the  lowest  coals  in  the  faults 
and  upthrows  to  the  southwest.    Now  if  the  Coal-measures  Con- 
glomerate is  a  geological  horizon  and  not  merely  a  rock,  then 
these  various  strata  cannot  all  be  the  true  Conglomerate.    We  find 
conglomerates  everywhere  in  the  vertical  range  of  the  Coal-meas- 
ures.   They  are  found  even  above  the  horizon  of  the  Pittsburgh 
seam. 

Heavy  conglomerates  abound  along  the  western  side  of  the 
Eastern  Kentucky  coal-field  at  various  elevations  above  the  lower 
Carboniferous  limestone  and  the  same  is  true  in  Tennessee. 

In  the  Indiana  and  Illinois  coal-field,  the  coal-seams  of  which 
have  never  been  synchronized  with  those  of  the  Alleghany  coal- 
field, we  have  reported  a  Conglomerate  or  Millstone  grit,  but  no 
one  knows  its  exact  place  in  the  great  time  scale,  or  whether  it  is 
the  equivalent  of  any  of  the  half  dozen  well-marked  conglomerates 
of  the  Alleghany  field.  So  far  as  we  now  know  it  may  have  no 
equivalency  anywhere. 

In  Arkansas  there  is  a  conglomerate,  called  in  the  Geological 
Reports,  the  Millstone  grit.  The  available  coals  of  the  State  are 
said  to  be  below  it,  and  are  therefore  called  the  Sub-conglomerate 
coals,  although  Prof.  Lesquereux  asserts  that  they  belong  to  the 
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true  coal-formation  and  cannot  be  separated  from  it.  The  con- 
glomerate, in  this  case,  can  have  nothing  more  than  &  lithologic^I 
significanre. 

In  the  South  Joggins'  coal-field,  at  the  head  of  the  Bajr  of  Fnndj. 
Sir  Wm.  Logan  reports  14,570  feet  of  Coal-measures.      In   tte 
vast  scries  of  strata,  and  not  very  far  from  the  middle  af  it.  Dr. 
Dawson,  in  his  admirable  work  on  Acadian  Geology,  finds  a  grovp 
of  coarse  sandrocks  which  he  denominates  the    Millstone  Grit 
series.     Here  the  millstone  grit  is  not  known  to  be  the  equivaleDt 
of  the  Millstone  Grit  of  Great  Britain  nor  any  of  our  cong^Iomer- 
ates  of  the  United  States. 

In  \\eY(  of  this  confusion,  1  think  all  will  agree  with  rae  that 
the  terms  Millstone  Grit  and  Coal-measures  Conglomerate  should 
either  be  used  to  designate  a  uniform  horizon  in  the  Carbont/erous 
system  or  be  abandoned  as  geological  terms  and  retained  only  for 
their  lithological  value. 

I  close  this  paper  with  another  remark  by  way  of  inference,  viz. : 
that  there  is  need  of  an  entire  revision  in  the  classification  of  the 
coal-seams  of  the  great  Alleghany  coal-field.  It  seems  odd  to 
begin  in  the  middle  of  the  vertical  series  and  call  a  seam  of  ooal 
No.  1 ,  or  letter  A,  and  enumerate  upward  while  all  the  seams  below 
are  left  without  enumeration.  But  the  data  for  such  revision  are 
not  yet  sufficient. 


Existence  of  Glacial  Action  upon  the  SuMMrr  of  Mt.  Wash- 
ington, N.  H.    By  C.  H.  Hitchcock,  of  Hanover,  N.  H. 

AIt,  Washington,  in  New  Hampshire,  6,293  feet  above  the  sea, 
is  the  highest  eminence  in  the  North  American  area  swept  hy  i(?e 
in  the  Glacial  era.     Hence  observers  have  examined  it  carefully 
with  roforenco  to  the  discovery  of  evidences  of  ice  action ;  because 
it  has  seemed  to  stand  alone  in  the  midst  of  the  glacial  sheet,  and 
enable  us  to  place  bench-marks  upon  it  to  show  the  height  of  the 
flooil.    The  unanimous  consent  of  all  observers  previous  to  the 
present  moment  has  been  in  favor  of  its  isolation  in  the  glacial 
sea,  Uie  ice  reaching  different  altitudes  according  to  different 
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authors.    In  1842  my  father  described,  before  this  Association,  the 
Btriation  and  embossment  of  the  ledges  near  the  Lakes  of  the 
Clouds,  about  5,200  feet  above  the  sea.     Holding  the  theory  of 
submergence,  he  supposed  Mt.  Washington  to  have  been  an  island 
in  the  midst  of  an  arctic  sea  full  of  icebergs,  but  that  we  had  evi- 
dence of  no  other  island  in  New  England  than  this.     I  have  heard 
him  say  often,  that  its  present  appearance,  covered  by  numerous 
angular  fragments  split  off  the  ledges  by  the  action  of  frost,  illus- 
trated forcibly  what  the  general  aspect  of  the  whole  country  would 
have  been,  had  not  the  ice  removed  the  debris  and  pg^jj^^  "p  the 
transported  fragments  into  earth  suitable  for  tlie  growth  or  vegeta- 
tion.    I  am  not  aware  that  any  author  has  described  the  glacial 
phenomena  upon  this  mountain  essentially  different  from  that  just 
mentioned,  while  others  have  held  different  theories  to  account  for 
them. 

In  1870 1  had  occasion  to  visit  the  mountain  and  discovered  trans- 
ported pebbles  of  rock  foreign  to  the  neighborhood,  at  the  height 
of  5,800  feet.     My  notes  state  that  the  ledges  above  these  pebbles 
exhibit  the  usual  appearance  of  embossment  produced  by  glacial 
agency,  the  force  having  come  from  a  northwesterly  direction,  but 
no  striflB  were  seen  upon  them.     At  that  time  the  only  buildings 
upon  the  summit  were  the  .Tiptop  and  Summit  houses,  with  the 
stables.     The  railroad  corporation  had  not  built  their  depot  and 
scarcely  any  of  the  large  stones  had  been  turned  over,  so  as  to 
permit  one  to  see  the  character  of  the  earth  beneath.     In  fact  it 
was  supposed  generally  that  the  summit  presented  only  an  under- 
lying ledge,  strewn  over  with  immense  angular  blocks,  which  had 
not  been  transported  any  appreciable  distance,  save  as  they  had 
rolled  down  hill.     Those  who  have  seen  this  summit  can  recall  from 
memory,  far  better  than  words  can  express,  these  piles  of.  giant 
debris  covered  with  lichens  and  a  few  hardy  alpine  plants,  the  very 
picture  of  icy  desolation.     Nothing  foreign  shows  itself  at  the 
surface,  and  without  the  removal  of  these  large  fragments  no  one 
would  suspect  what  revelations  have  been  awaiting  their  present 
development.     I  am  able  now  to  say  that  decisive  evidence  exists  to 
show  that  the  oMciaX  ice  moved  over  the  toj)  of  Mt,  Washington, 

The  fir-i^t  s^gestion  of  this  novel  proposition  came  to  me  the 
last  day  of  July,  1875,  from  an  examination  of  the  somewhat 
rounded  stones  of  small  size,  lying  along  the  carriage  road  upon 
the  northeast  side  of  the  mountain,  about  two  hundred  and  fifty 
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feet  below  the  summit.    I  stumbled  upon  two  l^pcilders  of  granitic 
gneiss  foreign  to  .the  mountain,*  one  nearly  ten  and  the  other  sIk 
inches  long.     This  raised  the  altitude  at  which  transported  matm- 
als  existed  to  nearly  6,100  feet.     Observation  showed  that  these 
boulders  came  invariably  from  the  earth  underlying  the  conspicuous 
angular  debris  common  all  over  the  peak  above  the  line  of  trees. 
In  repairing  the  road  the  workmen  usually  dug  beneath  the  surface 
blocks  before  obtaining  a  material  suitable  for  their  purposes, 
and  there  always  seemed  to  be  a  plenty  of  it.    This  earth  proves 
to  be  the  ordinary  ground-moraine  of  modern  glacialists,  full  of 
the  worn  angular  and  roundish  stones  which  have  been  fashioned 
peculiarly  by  being  shoved  along.     Large  boulders  are  not  coaimon 
in  it,  though  abundant  elsewhere.     These  stones  are  usually  of  the 
same  mica-schist  and  gneissic  rocks  that  compose  the  adjacent 
ledges ;  and  this  kind  of  ledge  extends  to  Israel's  River,  five  or  six 
miles  distant  from  the  top  of  Mt.  Washington  in  a  northwesterly 
direction.    Were  these  deposits  situated  in  the  lowlands,  they 
would  be  pronounced  at  first  sight  by  any  one,  to  be  the  common 
drift  heaps  of  the  neighborhood.     I  did  not  discover  satisfactory 
evidences  of  striation  upon  the  few  stones  picked  up  near  the  two 
boulders  of  granite  just  mentioned,  but  they  possess  the  character- 
istic shapes  of  those  that  are  covered  with  scratches  elsewhere. 
Some  are  pointed  at  both  ends,  being  either  flattened  or  round 
along    the    middle.     Others    are    squarish    or    trapezoidal  with 
rounded  corners.     Many  resemble  perfectly  the  shapes  figured  by 
Geikie  in  his  recent  work  on  the  Great  Ice  Age;  and  in  fact  they 
are  of  the  constantly  occurring  forms  familiar  to  all  glacialists. 
The  rock  is  quite  soft,  and  that  fact  may  explain  the  absence  of 
striation. 

The  question  naturally  arose  as  I  lifted  up  these  stones,  are 
these  the  shapes  resulting  from  the  cleavage  of  ledges  by  frost? 
No,  it  could  not  be,  some  ajgency  of  transportation  othjer  than,  the 
falling  down  a  slope  has  worn  off  the  edges,  smoothed  their 
surfaces  and  mixed  them  with  earth.  The  glacier  ice  must  have 
transported  them,  though  they  cannot  have  travelled  more  than 
five  or  six  miles,  or  the  limit  of  the  extent  of  this  kind  of  rock. 
If  this  were  so,  then  the  whole  of  Mt.  Washington  was  covered 
by  the  glacier  ice.  Thus  I  reasoned  with  myself,  and  began  to 
look  further.  Remembering  that  these  glaciated  stones  came  from 
below  the  surface  I  sought  for  localities  where  the  lower  earth  had 


B.      NATUlfeAL  HISTORY.        '  95 

been  excavated.     The  first  case  examined  was  the  fonndation  of 

the  Mt.  Washington  Hotel.     In   laying  the  foundations  of  this 

edifice — nearly  two  hundred  feet  long  —  the  angular  debris  was 

£rst  taken  up  and  placed  in  the  cellar  walls.    When  this  had  been 

used  up  the  workmen  reached  the  same  moraine-mass  which  occurs 

below,  along  the  carriage  road.     Some  of  the  eai-th  was  sandy  and 

went  into  the  composition  of  the  mortar  used  on  the  walls.     There 

was  scarcely  any  ledge  requiring  removal.     I  examined  such  of  the 

stones  as  remained  in  the  cellar,  as  well  as  possible  with  a  dim 

lantern,  and  found  ever3'thing  in  agreement  with  the  character  of 

the  materials  seen  two  hundred   and  fifty  feet  lower  along  the 

carriage  road.     The  stones  assumed  the  ordinary  glaciated  shapes, 

but  I  did  not  discover  any  material  foreign  to  the  mountain.     One 

of  the  quartz  fragments  seemed  to  show  traces  of  smoothing  or 

incipient  striation. 

Next  I  examined  the  excavations  made  for  the  road  between  the 
house  and  stables,  and  obtained  several  small  boulders,  four  or  five 
inches  long,  corresponding  in  mineral  structure  with  the  ledges  in 
Randolph  and  Jefferson,  twelve  or  fifteen  miles  away.     The  general 
color  of  the  rock  is  so  like  that  of  the  mountain  that  one  would 
not  perceive  the  difference  between  them  without  close  inspection. 
The  mica  is  arranged  diflTerently  in  it,  the  white  parts  are  more 
abundant  though  in  fine  grains,  and  the  rock  is  evidently  the  same 
with  the  upper  member  of  what  I  call  the  ''Bethlehem  Gneiss"  in 
the  New  Hampshire  Reports.     The  highest  point  at  which  these 
stones  of  foreign  origin  were  Obtainable,  may  be  twenty  or  twenty- 
five  feet  below  the  very  pinnacle  of  the  mountain.     Hence  it  is  fair 
to  conclude  that  every  part  has  been  covered  by  the  glacial  ice. 
The  glaciated  stones,  composed  of  the  same  material  with  that  of 
the  mountain,  are  common  all  along  this  road  to  the  stables  and 
elsewhere  in  excavations  over  the  summit. 

Being  unexpectedly  called  away  I  had  not  time  to  search  care- 
full}'  for  striae  upon  the  ledges.  Just  beyond  the  Signal  Station 
dwelling  I  found  a  flat  ledge  sloping  a  little  northwesterly  and 
precipitously  on  the  southeast.  Atmospheric  agencies  have  marred 
th^  surface  so  much  that  no  striae  are  visible,  even  if  they  ever 
existed.  I  had  proposed  to  scrutinize  every  harder  projection  of 
quartz  with  a  lens,  as  this  course  sometimes  reveals  striation 
where  other  inspection  is  unavailing.  Were  this  ledge  situated 
near  the  Lake  of  the  Clouds,  where  embossment  is  common,  I  should 
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point  it  ont  unhesitatingly  as  an  example  of  ice-scniptare,  thoa^ii 
much  degraded   by  weathering.     The  shape  agrees  with  that  of 
thousands  of  glaciated  ledges  in  other  parts  of  the  state.     Other 
ledges  on  the  mountain  farther  north  resemble  this  one.     Inasmuch, 
as  the  transportation  of  materials  is  clearly  proved  by  the  presence 
of  the  Jefferson  rock  upon  the  summit  a  few  rods  away,  it  will  not 
be  unreasonable  to  believe  that  this  apparent  embossment  is  real. 
The  altitude  of  the  ledge  is  the  same  with  that  of  the  site  of  the 
travelled  stones. 

The  disposition  of  the  large  blocks  upon  the  summit  is  note- 
worthy. Several  acres  of  surface  are  covered  by  them  far  away 
from  visible  ledges.  As  jou  approach  a  ledge  it  is  easy  to  see 
what  fragments  have  been  separated  by  frost  action,  as  the  projec- 
tions match  the  indentations,  and  a  very  few  feet  of  distance 
represents  the  extreme  amount  of  removal,  save  on  a  steep  slope. 
Since  the  surface  covered  by  the  large  angular  blocks  is  quite 
extensive  and  comparatively  level,  it  is  fair  to  conclude  that  the 
transportation  has  been  effected  by  the  glacier  and  not  by  frost. 
The  latter  agency,  however,  has  very  industriously  operated  upon 
both  ledges  and  boulders  in  post-glacial  times,  so  that  the  shat- 
tered ledges,  their  fragments  and  the  fractured  boulders,  form  a 
continuous  field  of  angular  debris  over  the  whole  upper  cone  of 
the  mountain. 

From  these  facts  the  following  conclusions  seem  legitimate : 

1.  The  glacial  ice  completely  covered  and  passed  over  the 
summit  of  Mt.  Washington  in  a  southeasterl}'  direction. 

2.  It  brought  along  a  large  amount  of  moraine  rubbish  and 
glaciated  stones  which  were  disposed  in  various  hollows  and  con- 
venient locations  about  the  mountain,  in  the  same  way  that  the 
ground-moraine  is  distributed  in  the  lowlands. 

3.  Subsequently  an  immense  number  of  large  blocks  of  stone 
taken  from  the  northern  slope  of  the  mountains  were  transported 
to  the  summit  (as  well  as  beyond),  and  left  overlying  the  finer 
earth-debris  of  a  previous  transport. 

4.  Frost  and  gravity  have  been  acting  upon  the  boulders  thus 
transported  and  the  ledges,  so  that  every  large  block  has  been  split 
up  into  smaller  ones,  and  this  angular  debris  entirely  conceals  from 
view  the  previously  formed  moraine,  and  the  summit  is  apparently 
destitute  of  soil. 
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FoBUATiaN  OF  Getsebite  Pebbles  in  Pools  Adjacent  to  the 
Geysebs  of  the  Yellowstone  Pabk.  By  Theo.  B.  Com- 
STOCK,  of  Ithaca,  N.  Y. 

ABSTBACT. 

If  the  bowl  of  a  geyser  be  not  so  large  that  the  ejected  water 
will  fall  wholly  within  the  pool,  there  are  always  left  about  the 
rim  peculiar  excrescences,  varying  with  the  height  and  character 
of  the  ejected  mass  of  water.  These  prominences  are  produced 
by  evaporation,  or,  more  properly,  crystallization  from  the  hot 
siliceous  solution  thrown  out  during  an  eruption,  and  they  are  thus 
gradually  built  up  by  accretion.  Frequently  loose  polished  pebbles 
of  geyserite  are  found  in  shallow  pools  adjacent  to  the  larger 
geysers.  Hayden  and  others  have  supposed  that  these  are  formed 
by  accretion  similarly  to  the  prominences  just  mentioned.  Careful 
examination,  however,  shows  that  they  are,  in  reality,  broken 
prominences  worn  down  by  attrition  in  the  pools  when  the  water 
falls  upon  them  during  an  eruption.  This  is  proven  by  the  fact 
that  the  layers  exposed  in  a  cross  section  are  not  usually  continu- 
ous, but  they  have  become  more  or  less  truncated.  The  pebbles 
are  commonly  lozenge-shaped  or  polyhedral. 


Remabks  on  the  Hot  Spbings  Aia>  Geysebs  and  otheb  Topics 
Illustbating  the  Scientific  Value  of  the  Yellowstone 
Pabk.    By  Theo  B.  Comstock,  of  Ithaca,  N.  Y. 

ABSTBACT. 

Thebe  are  no  geysers  of  consequence  on  the  Yellowstone  River, 
80  far  as  known.  The  geysers  of  the  Yellowstone  Park  are  on  the 
Madison  River  and  tributaries,  and  on  certain  of  the  sources  of 
Snake  River.  The  most  remarkable  feature  of  the  thermal  springs 
in  this  region,  is  the  wonderful  variety  of  the  deposits,  resulting 
from  very  slight  changes  in  temperature,  composition  or  other 
circumstances  connected  with  the  geological  structure  or  physical 
geography  of  the  district,  giving  rise  to  salses,  solfataras,  fumar- 
oles,  geysers,  or  mere  clear  springs  of  hot  water,  periodically 
A.  A^  A.  8.  vol.  xxnr.    B.       (7) 
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agitated,  qaiescent  or  throbbing,  eruptive,  bubbling,  pnffing  or 
hissing,  according  to  the  character  of  the  sarface  soil  and  the  size 
and  shape  of  the  external  orifices.    The  products  are  even  more 
variable,  consisting  of  every  conceivable  grade  of  admixture  of 
the  ingredients  which   go    to   make  up  the  trachytes,   basalts, 
rhjxlites,  propylites  and  andesites  of  the  great  lava  flood  of  the 
West,  mingled  with  the  materials  of  the  more  recent  superficial 
beds.    It  is  scarcely  beyond  the  truth  to  state  that  among  the 
thousands  of  hot  springs  in  this  section,  there  is  not  one  which 
does  not  possess  some  feature  of  interest  peculiar  to  itself,  and 
when  it  is  remembered  that  the  deposits  from   ancient  thermal 
•springs  are  enormous  in  proportion  to  those  now  forming,  it  will 
be  conceded  that  the  phenomena  connected  with  them,  the  history 
of  their  formation,  and  the  successive  steps  in  the  gradual  dying 
out  of  the  volcanic  fires,  can  be  studied  nowhere  in  the  world  to 
better  advantage  than  in  the  Yellowstone  National  Park.     The 
great  "bath-tub"  formation  on  Gardiner's  River,  is  alone  worthy 
the  endurance  of  much  hardship  and  privation  on  the  part  of  the 
chemist  or  ph^'sicist,  in  order  to  witness  processes  of  combination 
and  dissolution  not  elsewhere  to  be  observed  in  nature.    Each 
geyser  may  be  known  as  truly  by  the  character  of  its  mechanical 
deposits,  as  by  any  peculiarity  of  its  chimney  or  by  the  size  and 
shape  of  its  bowl.     Iron,  sulphur,  calcium,  silica,  magnesium,  and 
aluminium,  enter  into  the  composition  of  crj^stals  of  the  most 
diverse  forms  and  colors,  many  of  them  hitherto  unknown.    Organic 
matter  constitutes  the  basis  of  interesting  masses  within  the  pools 
and  streams,  and  carbonic  acid,  both  free  and  combined,  plaj^s  an 
important  part  in  the  deposition.    Gelatinous  substances  of  uncer- 
tain origin  assume  structures  of  the  most  delicate  and  indescribable 
shapes,  with  colors  of  almost  every  hue.     But  this  small  area  is 
but  a  slight  portion  of  the  whole,  and  each  group  of  springs  is  in 
itself  a  field  for  a  lifetime  of  study.     The  National  Park  is  forty- 
five  by  fifty-five  miles  in  area,  and  it  contains  very  many  groups  of 
these  springs,  including  a  large  number  of  gcj'sers.     It  is  also  a 
region  of  rare  scientific  interest  for  other  reasons,  prominent  among 
which  is  the  fact  that  it  is  in  a  measure  an  isolated  tract,  with 
arms,  in  the  shape  of  river  valleys,  reaching  out  in  all  dii*ections. 
Thus  there  are  found  here  representatives  of  animals  living  in 
widely  separated  districts.     The   reports  efcow  that  forms  from 
British  America,  New  Mexico,  California,  Oregon  and  other  sec- 
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tions  are  here  brought  together,  probably  as  estrays  which  have 
worked  up  along  the  valleys  of  the  great  rivers  of  North  America 
which  here  originate.  Again,  there  are  in  this  section  remnants 
of  animal  forms,  very  valuable  both  from  practical  and  scientific 
stand-points,  which  are  rapidly  being  exterminated  at  the  hand  of 
improvident  man,  savage  and  civilized  ( !).  Of  these  may  be 
mentioned  the  bison,  the  American  elk,  prong-horn  antelope,  deer, 
beaver,  mountain  sheep  and  Rocky  Mountain  antelope.  More 
important,  scientifically,  are  the  wolverine,  grizzly  bear,  moose, 
and  others  (to  which  I  have  referred  in  the  *  ^American  Naturalist," 
March  and  April,  1874)  on  account  of  their  affinities  with  ancient 
types. 

To  sum  up,  then,  there  are  opportunities  here  for  the  solution  of 
certain  problems  in  physics  and  physical  geology,  which  are 
afforded  nowhere  else.  The  present  source  of  the  heat  and  of 
the  water  supply  in  the  hot  springs  and  geysers  is  unknown,  and 
the  cause  of  their  periodic  action  is  equally  dark.  The  origin  and 
history  of  the  volcanic  outflows  is  a  subject  of  absorbing  interest 
also.  There  are  many  animals  in  imminent  danger  of  extinction, 
which  thrive  in  this  section,  and  there  is  need  of  much  better  pro- 
tection for  the  rarities  of  all  kinds  abounding  there.  Congress 
has  provided  for  a  superintendent  (Ex-Governor  Langford  of 
Montana)  without  any  arrangement  by  which  he  may  be  compen- 
sated for  his  services. 

To  me,  it  seems  a  matter  of  great  moment  to  science,  that  we 
are  neglecting  the  opportunity  to  observe  and  record  the  rapidly 
waning  phenomena  of  this  region,  and  there  is  every  reason  to 
believe  that  a  winter  spent  among  the  geysers  would  well  repay 
the  student  of  thermo-dynamics.  In  view  of  all  this,  I  feel  the 
urgent  need  of  some  action  by  which  the  Yellowstone  Park  reser- 
vation may  be  made  a  conservatory  of  the  vast  amount  of  physical 
and  biological  material  now  being  wasted,  so  to  speak,  in  the 
West.  I  would,  therefore,  respectfullj^  suggest  that  the  American 
Association  take  into  consideration  the  propriety  of  bringing  this 
Babject  to  the  attention  of  the  General  Government,  that  the 
Yellowstone  National  Park  may  become  not  only  a  ^^  pleasuring- 
ground,"  but  also  a  physical  laboratory  and  a  natural  zoological 
garden  for  the  benefit  of  students.  Further  argument  is,  I  trust, 
unnecessary.  The  facts  are  recorded  in  all  the  reports  which  have 
come  from  the  region  in  question. 


100  B.      KATUSiX  HtBTOKT. 

Ok  Soxe  New  SrscixEKa  of  Fossil  Pbotozoa  rsoii  Caitada. 
By  J.  W.  Dawsoit,  of  Montreal. 

1.      EOZOOK  CAMADEN8X. 

The  author  bad  recently  reexamined  the  locality  at  Petite  Nation, 
on  the  Ottawa,  one  of  the  most  productive  in  good  specimens  of 
this  ancient  fosail,  with  reference  to  the  settlement  of  some 
qneationa  as  to  its  mode  of  occurrence.  The  following  points 
were  Ulnstrated  by  the  facts  obtained. 


■tou.    lb.) 

1.  The  regular  arrangement  of  entire  specimens  of  Eozoon  and 
also  of  layers  of  fragments  in  the  beds  of  limestone.  The  lime- 
stone of  Petite  Nation  is  a  very  thick  bed,  belonging  to  the 
Grenville  band  of  Sir  William  Logan.  It  rests  upon  str&ti&ed 
gneiss  and  diorite,  and  boa  intercalated  beds  of  gneissose  rock. 
The  entire  apecimeos  of  Eozoon,  showing  rounded  forms  and  dis- 
tinct laminated  structure,  occur  only  in  certain  layers ;  but  others 
are  filled  with  broken  angular  fragments  of  the  fossil.  The  speo- 
inena  are  usually  mineralized  with  serpentine,  but  beds  occur  with 
nodules  of  serpentine  destitute  of  the  structure  of  Eozoon,  and 
in  certain  dolomitic  layers  there  are  abundance  of  fragments  of 
Eozoon  without  serpentine.  The  veins  of  cbrysotile  or  fibrous 
serpentine  are  of  origin  subsequent  to  the  stratification,  and  cross 
the  beds,  and  also  the  masses  of  Eozoon,  without  regard  to  their 
Btmcture.  The  mode  of  occurrence  of' Eozoon,  is  therefore,  pre- 
cisely similar  to  that  of  fossil  corals  and  Stromatoporie  in  the 
Silurian  rocks. 

2,  The  occurrence  of  other  forms  of  organic  origin  along  with 
Eozoon.    In  the  layers  holding  ftagmeatal  Eozoon  there  are  numer- 
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oas  minute  groaps  of  rounded  cells  aggregated  together,  and  to- 
sembliDg  in  form  the  Globigerinie  of  the  chalk  and  of  the  modern 
ocean,  though  having  the  structure  of  the  cell-wall  finely  porous 
like  that  of  £ozoon.  For  these,  in  a  paper  recently  presented  to 
the  Geological  Society  of  London,  he  had  proposed  the  name  of 
Ar(^<Bospherince,  Whether  they  are  distinct  organisms,  or  merely 
germs  or  bnds  thrown  off  fVom  the  surface  of  Eozoon  he  was 
unable  to  decide.  He  bad  also  found  certain  laiger  masses  of  an 
acervuline  cellular  organism,  differing  in  etructare  Item  the  typical 
Bozoon,  and  a  more  finely  laminated  variety  or  species,  with 
comparatively  little  development  of  supplemental  skeleton. 


T\g.i.  Portion  or  a LarotDaorBo- 
loon  Tmm  >  very  thin  slide,  showing 
proper  vail  ataa'.and  Intermediate 
■kalelon  irlth  oaoals  at  b. 

3.  The  Btrom&toporoid  appearance  of  the  weathered  masses  of 
Eozoon.  In  the  limestone  of  Petite  Nation,  weathered  specimens 
from  an  inch  to  a  foot  in  diameter  project  from  the  surface  of  the 
limestone,  showing  their  lamination,  and  so  precisely  resembling 
in  form  and  mode  of  occurrence  the  Silurian  Stromatoporie  that  it 
would  be  impossible  to  distinguish  them  except  by  microscopic 
examination. 

i.  The  frequent  infiltration  of  the  canal  system  with  dolomite 
as  well  as  serpentine.  The  frequency  of  this  at  Petite  Nation 
has  not  received  so  much  attention  as  it  deserves.  In  many 
specimens  the  minute  ramifications  of  the  canals  are  filled  with 
crystalline  dolomite,  while  the  larger  trunks  of  the  same  canals  are 
filled  with  serpentine.  In  other  cases  the  whole  extent  of  the 
canals  is  occupied  with  doiomite.  This  mineral  is  liable  to  b« 
dissolved  away  in  decalcified  specimena,  and  in  slices  its  similarity 
to  the  calcite  may  cause  it  to  escape  observation. 
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All  these  points  serve  to  elucidate  the  animal  nature  of  Eozoon, 
and  to  place  this  in  a  more  clear  light,  in  so  far  as  the  mode  of 
occurrence  of  the  fossil  in  the  containing  beds  is  concerned.  They 
may  also  serve  to  correct  misapprehensions  as  to  the  supposed 
extension  of  the  forms  in  perfectly  indefinite  masses,  constituting 
continuously  the  whole  material  of  certain  limestones.  They  also 
illustrate  the  difference  between  the  laminated  specimens  of  the 
fossil,  showing  their  general  form  and  arrangement  of  parts,  and 
the  collections  of  fragments  which  occur  in  certain  beds,  often 
without  any  perfect  fossils,  just  as  comminuted  corals  occur  in  the 
Trenton  limestone.  It  had  also  been  clearly  ascertained  that  the 
veins  of  fibrous  serpentine  had  no  connection  with  the  fossil,  and 
are  of  subsequent  origin,  filling  cracks  which  traverse  the  speci- 
mens often  without  any  regard  to  their  lamination.  The  details 
of  these  observations  will  be  illustrated  in  a  work  by  the  author 
now  in  the  press.^ 

2.    CBBTACSOUS    FOBAIONIFEBA,   BTG.,   FROM  THE   WEST. 

The  Imperial  and  Canadian  governments  wisely  decided  to  com- 
mission a  geologist  in  connection  with  the  survey  of  the  boundary 
line  along  the  forty-ninth  parallel,  from  the  Lake  of  the  Woods  to 
the  Rocky  Mountains,  which  has  just  been  completed.  This  work 
was  entrusted  to  Mr.  G.  M.  Dawson,  Associate  of  the  School  of 
Mines,  London,  whose  Report  is  in  the  Fress.^  In  the  prosecu- 
tion of  this  survey,  it  was  made  the  main  object  to  secure  as 
perfect  a  line  of  section  as  possible,  across  the  newer  formations 
intervening  between  the  Laurentian  and  Huronian  of  the  Lake  of 
the  Woods,  and  the  Palaeozoic  rocks  of  the  Rocky  Mountain  Range, 
and  to  correlate  this  with  the  work  of  the  United  States  Surveys 
on  the  south  and  of  the  Canadian  Surveys  on  the  north.  This 
had  been  pretty  effectually  done,  for  this  long  line  of  800  miles 
along  the  boundary  between  the  Western  States  and  Territories 
and  the  Dominion  of  Canada.  Attention  had  also  been  given  to 
the  vexed  questions  relating  to  the  arrangement  of  the  cretaceous 

^Specimens  collected  since  Uie  paper  was  read  show  that  the  acemiUne  surface 
of  Eozoon  was  capable  of  producing  groups  of  loose  cells  precisely  similar  to  the 
▲rchaBospherinie;  and  recent  discoveries  in  the  Laurentian  of  Canada  have  established 
a  probability  that  all  or  nearly  all  the  localities  of  Eozoon  occur  nearly  on  one  horizon 
In  the  Lower  Laurentian,  thus  tending  to  make  this  the  characteristic  fossil  of  one  zone 
in  this  great  series  of  rooks.   DetailB  of  these  Ikcts  will  shortly  be  published. 

■Fablished  Sept.  6, 1876,  pp.  879,  with  maps  and  plates. 
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and  lignite-bearing  formations,  and  to  the  distribution  of  debris 
firom  the  Laurentian  axis  and  ttie  Bocky  Mountains  in  the  pleisto- 
cene period,  and  the  formation  of  the  vast  mounds  of  boulder-clay 
known  as  the  Missouri  Coteau,  and  its  outlying  ridges  and  hills. 


V     100 

Fig.  4.   Foraminifera  ft'om  the  Cretaceons  of  Manitoba,    (a.)  Tcxtularia  globnlosa 
(fr.)  T.  pygmssa.    (c.)  Discorbina  globularis.    (d.)  Planorbulina  Ariminensis. 

The  only  point  to  which  it  is  desired  to  refer  in  detail  here,  is 
the  recognition  of  the  cretaceous  foraminiferal  limestone  of  Hay- 
den's  No.  3,  or  Niobrara  group  far  north  in  the  British  territory, 


X    f&so 

Fig.  6.   Various  forms  of  Coccoliths  (a)  and  Bhabdoliths  (6)  fk-om  the  Cretaceous  of 
Manitoba. 


and  some  additional  facts  as  to  the  organisms  contained  in  it. 
This  formation  occurs  in  Pembina  Mountain  400  miles  to  the  north 
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of  localities  where  it  was  first  described  in  Nebraska,  and  the  ex- 
ploring parties  of  the  Canadian  Sorrey  have  recently  foond  it  still 
farther  to  the  north-westward  at  Lake  Winnepegosis.  The  spec- 
imens of  this  limestone  are  composed  in  part  of  shells  of  Ostrea 
congesta  and  Inocerami^  included  in  a  chalky  or  stony  mass,  which 
consists  largely  of  Foraminifera,  Coocoliths  and  Rhabdoliihs. 
The  Foraminifera,  most  of  which  have  already  been  catalc^^oed  by 
Ehrenberg,  from  the  Nebraska  and  other  localities,  are  of  species 
and  varietal  forms  extensively  distributed  in  the  chalk  of  Europe 
and  in  the  modem  ocean,  for  the  most  part  characteristic  of  depths 
ranging  from  fifty  to  one  hundred  fathoms.  The  Coccoliths,  which 
seem  not  to  have  been  previously  recognized  in  the  cretaceous  of 
America,  are  precisely  similar  to  those  of  the  European  chalk  and 
of  the  modern  oceanic  mud,  and  in  some  parts  of  the  bed  exist 
in  vast  abundance.  They  are  associated  with  the  peculiar  rod-like 
bodies  named  by  Oscar  Schmidt  Rhabdoliths,  which  have  not  pre- 
viously been  recognized  as  fossils.  This  old  cretaceous  sea-bottom 
thus  forms  an  important  horizon  on  the  western  plains,  indicating 
oceanic  conditions,  from  which  the  overlying  beds  show  a  tran- 
sition to  the  swamps  and  fresh-water  lakes  which  overspread  the 
same  area  in  the  succeeding  periods  of  the  upper  cretaceous  and 
lignite  tertiary. 

The  following  remarks  as  to  the  fossils  are  from  the  Report 
above  referred  to. 

^'  180.  These  larger  shells  are  imbedded  in  a  soft,  whitish,  earthy 
matrix,  which  is  found,  when  microscopically  examined,  to  consist 
almost  entirely  of  the  more  or  less  perfect  remains  of  Foraminifera, 
Coccoliths  and  allied  organisms ;  together  with  the  small  irregular 
prisms  arising  from  the  disintegration  of  Inocerami.  The  Foram- 
inifera  represented  are :  Texty^aria  gibbosa  D'Orb.,  var.  globulosa 
Ehr.  Textularia  agghUinans^  var.  pygmoea  D'Orb.  PlanorbuUna 
globulosa  Ehr.  PlanorbuUna  farcta^  var.  ariminensis  D'Orb. 
Olobigerinm  referable  to  O,  cretacea^  also  occur  though  not 
abundantly.  All  these  I  have  also  identified  in  specimens  of  the 
Niobrara  limestone  from  Eau  qui  Court  in  Nebraska.  The  first 
named  species  was  found  by  Ehrenberg  in  the  Brighton  and 
Gravcscnd  chalk,  being  one  of  the  commonest  forms  in  the  latter. 
It  also  occurs  in  the  Meudon  chalk  of  France,  and  is  still  living  in 
the  Mediterranean  and  elsewhere,  at  depths  of  from  fifty  to  one 
hundred  fathoms.    The  second  textularine  form  is  closely  allied 
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to,  if  not  identical  with,  one  found  in  the  English  chalk,  and  is 
common  at  the  present  day  in  the  North  Atlantic  and  elsewhere ; 
becoming,  however,  rare  and  small  at  great  depths,  and  apparently 
most  at  home  at  a  depth  of  about  ninety  fathoms  in  the  latitude 
of  JSngland.    Planorhulina  globvlosa  is  common  in  the  modem 
ocean,  and  in  the  North  Atlantic  is  best  developed  from  the  shore- 
line down  to  fifty  or  seventy  fathoms.    The  specimens  from  Mani- 
toba resemble  those  from  the  greater  depths  in  being  considerably 
flattened.    The  second  Rotaline  form  is  abundant  in  the  English 
chalk,  in  that  of  Moen,  Denmark,  and  doubtless  elsewhere ;  and 
is  also  found  in  Tertiary  and  recent  deposits." 

^'181.  The  general  facies  of  the  foraminiferal  fauna  of  these 
Cretaceous  rocks  of  Manitoba,  as  well  as  those  of  like  age  in 
.  Nebraska,  singularly  resembles  that  of  the  English  chalk.  Both 
abound  in  textularine  and  rotaline  forms  of  similar  types;  the 
more  abundant  in  both,  being  the  form  with  globose  chambers,  and 
each  having  its  rarer  analogue,  with  chambers  flattened  and  more 
delicate." 

"  182,  The  finer  part  of  the  softer  portions  of  the  rock,  is  com- 
posed almost  entirely  of  the  extremely  minute  bodies,  which  are 
included  under  the  general  names — Coccolitha  and  RhabdoUtha. 
These  are  now  known  to  belong  to  minute  pelagic  vegetable  organ- 
isms. Coccoliths  are  abundant  in  most  modern  oceanic  deposits, 
and  have  long  been  known  to  occur  in  the  chalk  of  England  and 
elsewhere,  but  do  not  appear  to  have  been  previously  observed  in 
the  Cretaceous  rocks  of  America.  The  allied  Rhabdoliths  were 
discovered  by  Dr.  O.  Schmidt  in  1872,  in  the  Adriatic  Sea ;  but  I 
do  not  know  that  they  have  heretofore  been  found  in  the  fossil 
state.  These  very  minute  bodies  are  well  preserved  in  the  lime- 
stone from  Boyne  River,  and  run  through  the  same  set  of  forms 
as  those  described  by  Dr.  Schmidt." 

*U83.  The  limestone,  where  it  occurs  on  the  Boyne  River, 
appears  to  be  interleaved  with  beds  of  soft  clay ;  but  the  accounts 
1  have  received,  are  not  sufficiently  precise  to  enable  any  definite 
conclusions  as  to  its  thickness  or  extent,  to  be  arrived  at.  Its 
occurrence  at  this  one  locality,  enables  the  outcrop  of  the  Niobrara 
Division  —  or  highest  bed  of  the  Lower  Cretaceous  series  —  to  be 
defined  at  a  point  nearly  four  hundred  miles  further  north  than  it 
has  previously  been  known,  and  fixes  the  position  of  a  well-marked 
horizon  in  the  Cretaceous  rocks  of  the  Northwest." 


\* 
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NoncB  OF  New  and  Intebestino  Coal  Plakts  fbom  Ohio.     Bj 
£.  B.  Andbews,  of  Lancaster,  Ohio. 

Two  or  three  years  ago  I  noticed  in  a  ditch  by  the  roadside  in 
the  western  part  of  Perry  County,  Ohio,  a  thin  layer  or  bitami- 
nons  shale. .  Its  stratigraphical  position  is  near  the  base  of  the 
Ohio  coal-measures,  perhaps  thirty  feet  above  the  Maxville  lime- 
stone, the  equivalent  of  the  Chester  limestone  of  Illinois.      A  feir 
strokes  of  the  hammer  revealed  a  fragment  of  a  coal-plant  entirely 
new  to  me.    This  led  to  subsequent  visits  to  the  location,  and  the 
discovery  of  a  large  number  of  new  forms  of  ancient  veg^etation. 
At  the  bottom  of  the  layer  we  find  less  than  an  inch  of  a  very 
peculiar  band  of  vegetable  origin  of  brown  color,  soft  like  rotten 
wood,  without  lamination,  and  filled  with  fragments  of  a  minute 
fqrm  of  plant  resembling  the  small  branchlets  of  CcUamites.     In 
it  are  scales  of  a  fish,  thought  by  Dr.  Newberry  to  be  entirely  new 
to  science,  and  a  small  Lingvla^  perhaps  too  indistinct  for  spe- 
cific determination.     Above  this  curious,  half  solidified,   brown 
band  we  find  an  inch  of  highly  bituminous  cannel-shale  presenting 
a  satin  surface  in  its  fracture.    This  shale  contains  a  few  plants, 
the  most  numerous  form  being  leaves  of  Lepidodendron,    This 
shale  passes  upward  into  an  ordinary  bituminous  shale,  in  the 
lower  two  inches  of  which  nearly  all  the  plants  are  found.  We  have 
here  the  evidence  of  a  marsh  in  which  there  first  was  accamalated 
upon  a  micaceous  sand  the  minute  Galamitoid  plants.*    These  were 
buried  by  a  highly  bituminous  sediment,  into  which  fell  innumer- 
able leaves  of  Lepidodendraj  long,  straight  leaves  often  a  fbot  in 
length.    Then  came  iu  a  luxuriant  vcge tuition  of  ferns,  etc.,  which 
are  now  buried  in  the  higher  shale. 

So  far  as  I  know,  t)iis  marsh  must  have  been  of  very  limited 
extent,  for  I  have  ^ound  no  trace  of  it  in  the  same  geological 
horizon  elsewhere,  in  the  neighborhood.  The  shale  is  so  deeply 
buried  on  its  outcrop,  that,  so  far,  only  a  few  square  yards  fauve 
been  uncovered  and  examined.    . 

In  this  little  marsh  grew  plants  of  well-nqarked  Devonian  typ6s, 
and  others  of"  a  type  generally  found  in  formations  more  recexit 
than  the  coal-measures.  Besides  these,  we  find  many  coal-meas- 
ures forms,  but,  with  scarcely  an  exception,  they  are  of  new  species. 

Of  the  Devonian  forms,  one  is  a  new  species  of  Archceopteris 
Dawson   {Paloeopteria    Schimper).     The  A.  Jacksoni  Dawson, 
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fjroxn  the  Devonian  of  New  Brunswick  and  Maine,  may  be  regarded 
as  a  typical  form  of  this  genus.    The  new  Ohio  species  I  have 
called  A:  stricta.    It  is  a  fern  of  great  beauty,  smaller  and  more 
delicate  than  A.  JdcJcsoni.    The  pinnae  are  alternate,  somewhat 
closely  set,  growing  out  of  the  rachis  at  an  angle  of  70®  to  75®, 
rarely  as  small  as  45®.    The  pinnules  are  alternate,  oblanceolate, 
obtuse,  decurring  on  the  narrow  rachis,  disconnected  to  the  base, 
with  a  strong  nerve  dividing  near  the  base  into  three  to  five 
branches,  which  themselves  fork  once  or  twice  before  reaching  the 
margin.    Prof.  Fontaine  reports  the  finding  of  A.  Jacksoni  in  his 
Conglomerate  coal-series  on  New  River,  W.  Va.,  over  a  coal-seam 
perhaps  500  feet  above  the  base  of  the  coal-measures.    This  is 
more  than  1500  feet  lower  in  the  series  of  the  Alleghany  coal- 
measures  than  my  Ohio  form.    He  also  finds  the  same  A.  Jacksoni 
in  Vespertine  slate  in  Greenbrier  County.  . 

Another  Dev9nian  genus  found  in  the  little  marsh  in  Perry 
County,  is  the  Megdlopteris  Dawson.  Tfie  only  species  of  this 
genus  before  known  was  first  found  by  Prof.  Hartt  in,  New 
Brunswick,  and  described  by  him  as  Neuropteris  Dawsoni,  Prof. 
Fontaine  has  recently  found  the  same,  or  a  very  closely  allied 
species,  in  the  lower  coal-measures  on  New  River,  where  he  found 
the  A.  Jacksoni.  Of  this  genus  I  have  found  four  new  species, 
which  I  have  called  Megalopteris  Harttii^  M,  ovata,  JKf.  lata  and  Jf. 
minima.  The  first  three  of  these  are  closely  allied  to  M.  Dawsoni 
Hartt.  The  last,  M.  minima  has  much  the  appearance  of  an  Ale- 
thopteris^  but  it  is  undoubtedly  a  true  Megalopteris.  Some  of  the 
new  species  were  ferns  ef  groat  beauty  and  of  large  size.  This 
genus  has  special  interest  and  value  because  found,  in  our  coal- 
measures  in^Qbio;  only  about  700  feet  belovMlie  great  'Pittsburgh 
seam  of  coal.  The  West  Vi'rginiiwspecies,  found  by  Prof.-  Fontaine, 
came  from  a  horizon  mojre  thaq  500  feet  lower^  But  from  this 
horizoni^  w^iich  is  lowsn  tjie  original  geosynclinal  trough  or  depres- 
sion in  West  Virginia,  it  is  a  long  way  down  to  the  Devonian  for- 
mation, which,  in  New. Brunswick,  yielded  to  the  hammer  of  Prof. 
Hartt  his  Megalopteris  Dawsoni.  The  new  species  from  Ohio  are 
directly  separated  from  any  Ohio  Devonian  rocks  by,  first,  a  few 
feet  of  coal-measures,  second,  by  the  Lower  Carboniferous  Maxville 
limestone  the  equivalent  and  representative  of  the  Chester  lime- 
stone of  Illinois,  there>-€00  to  800  feet  thick,  and  third,  by  the 
Waverly  sandstone,  over  600  feet  in  thickness.    These  facts  are  of 
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interest  as  showing  the  distribution  in  the  great  tijniajEUSl3ea.xif  this 
genns  of  ferns.  If,  however,  we  should  apply  the  republicaui  rnk 
of  majorities  to  science,  the  finding  of  several  species  in  the  coal- 
measures,  and  but  one  in  the  Devonian,  should  determine  this  to 
be  a  true  coal-measures  form.  Then  the  Devonian  species  becomes 
the  prophetic  one. 

Growing  in  one  little  marsh  with  the  Archceopteris  anil  the  Me^ 
alopteris  is  a  new  and  very  beautiful  fern  of  a  new  genns  closelj 
allied  to  a  more  recent  type,  belonging  to  the  order  of  the  Tceniop- 
teridece.    No  form  of  this  order  has  hitherto  been  found  so  low 
in  the  coaUmeasures.     Tceniopteris  muUinervia  Weiss,  belongs  to 
the  upper  coal-measures  and  Permian  of  Europe,  but  most  forms 
of  this  order  are  still  more  recent.    The  only  American  represent- 
atives of  this  group,  so  far  as  I  know,  are  21  magnifolia  Kogers, 
fh)m  the  Triassic  coal  field  near  Richmond,  Va.,  and,  with  other 
plants,  used  by  Plrof.  W.  B.  Rogers  to  determine  the  geological 
age  of  that  field ;  anc^  T.  vittata  Brongt.  reported  by  President 
Hitchcock  from  the  Red  Sandstone  of  the  Ck>nnecticut  Valley. 

The  new  Ohio  genus  I  have  called   Ortkogoniopteris  from  its 
rectangular  nervation.    The  following  is  a  description  of  the 
genus :  Ortkogoniopteris^  nov.  gen.    Frond  simply  pinnate*    Pinna 
dUematey  lanceolate  or  oblong^  linear^  rounded  or  tapering  to  an 
acute  point  J  entire  or  undulcUe^  eidarged  and  decurrent  on  lower  side^ 
rounded  on  tJie  upper  to  the  tftedial  nerve  and  joining  it  a  little  above 
the  point  of  its  attachment  to  tlue  rachis.    Medial  nerve  prominent, 
thick  J  and  ascending  to  tJie  apex,    NerwXes  forking  once  very  near 
the  middle  nerve,  extending  at  right  angles  to  it  and  curving  upward 
stighUy  at  the  margin,  very  Jine,  numerous  and  uniform.    Two 
species  have  been  found,  0.  dara  and  0,  GUberti,    This  genus  is 
allied  to   Tceniopteris  Bront.,  to  Angiopteridium  Sch.,  and  to 
Neriopteris  Newb.    The  nervation  is  similar  to  Tceniopteris^  but 
Tceniopteris  has  a  simple  frond  while  this  is  pinnate.    In  Angiop- 
teridium the  frond  is  pinnate,  and  the  pinnae  are  cordate  or  rounded 
with  marginal  fructification.    In  Dr.  Newberry's  new  genus  Neriop- 
teris the  pinnse  are  similarly  cordate,  with  acute  angled  nervation 
and  with  a  supposed  marginal  fructification. 

In  this  new  genus  the  pinnae  are  decurrent  below  and  rounded 
and  free  above,  with  rectangular  nervation.  In  the  decurrent  base 
of  the  leaflets  it  is  allied  to  the  larger  forms  of  Alethopteris,  bat 
it  doubtless  belongs  to  the  order  of  Toeniopterideas. 
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Besides  this  new  genus  there  is  a  new  Alethopteris  greatly 

x^esembling  in  form  and  nervation  A,  tceniopteroides  Bunbary,  from 

t;lie  coal-field  of  Gape  Breton,  bat  specifically  different.    Another 

fragment  of  a  supposed  Alethopteris  also  possesses  a  nervation 

xnuch  like  the  TceniopteridecB.    If  a  true  Alethopteris  it  is  of  longer 

leaf  than  any  other  species  of  this  genus  except  A.  ingens  Dawson, 

bat  is  somewhat  different  in  nervation. 

There  is  another  new  Alethopteris^  which  I  have  called  A.  Holdeni^ 
of  great  size  and  beauty,  belonging  to  the  section  of  the  genus 
which  may  be  represented  by  A.  Serlii^  and  is  doubtless  allied  to 
Dr.  Newberry's  new  species  A.  macrophylla.  The  essential  char- 
acters which  separate  it  are,  first,  the  great  length  of  the  frond 
which  measures  at  least  fifty  centimeters ;  second,  its  lanceolate 
or  rather  oblanceolate  form,  the  leafiets  decreasing  in  length 
toward  the  base ;  third,  the  linear,  taper-pointed  form  of  the  leafiets, 
comparatively  long  and  narrow;  and  fourth,  the  always  simple 
division  of  the  frond.  It  is  possible  that  we  have  in  these  various 
species  of  Alethopteris  and  in  closely  allied  ones,  a  group  which 
should  be  detached  and  formed  into  a  new  genus. 

This  group  passes  in  resemblance  into  the  type  of  the  Toeniop- 
terideoe  on  the  one  hand,  and  through  the  Megalopteris  (the 
M.  minima  having  decidedly  the  look  of  an  Alethopteris)  into  the 
distinct  Neuropteris  t3'pe  on  the  other.  These  resemblances  are 
of  great  interest,  and  serve  to  bring  the  Devonian  and  Mesozoic 
fiora  into  greater  harmony. 

Besides  the  forms  already  mentioned  there  grew  in  our  little 
Ohio  marsh,  a  new  AsterophyUites^  a  new  and  beautiful  HyinenO' 
phyUiteSj  a  new  and  pretty  Eremopteris,  two  species  of  Lepidoden" 
dron;  one  allied  to  L.  tetragomim  Sternb.,  found  by  Dr.  Dawson 
in  the  Lower  Carboniferous  of  Canada ;  two  species  of  Cordaites^ 
a  new  and  lai'ge  Cardiocarpon^  a  large  and  beautiful  cone  of 
somewhat  doubtful  afilnities,  besides  several  other  forms  not  yet 
determined. 

The  most  important  plants  in  the  collection  are  figured  and  will 
be  published  in  the  next  volume  of  the  Ohio  Geological  Reports. 
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New  avd  iNTEREsnNa  Iksects  from  the  CABBONiPEKotrs  or  Cafi 
Brbtoh.    By  Sauoel  H.  Scciddek,  of  Cambridge,  JUass. 

Dr.  J.  W.  Dawson  has  placed  in  my  hands  a  piece  of  carbonifer- 
ons  shale  from  Cape  Breton,  containing  remains  of  sever&l  iasccts. 
The  best  preserved  and  most  interesting  is  the  abdomeD  of  i 
larval  Dragon-flj'.  Odonata,  both  mature  and  in  their  earlia 
stages,  have  previously  been  foand  in  the  Jurassic  beds  of  Solen- 
hofen  ;  wings  and  fragments  of  other  parts  have  also  been  foand 
in  the  English  Lias,  and  a  specimen,  which  may  be  an.  odouate 
larva,  has  been  figured  by  Brodie  from  the  Oxford  Clay.  No  true 
Odonntn,  however,  have  been  discovered  so  low  as  the  carboDiferous 
formation,  unless  the  obscure  fossil,  thought  by  Goldenberg  to  be 
possibly  a  Termes,>  may  properly  be  referred  to  this  group. 

In  the  last  edition  of  Dr.  Dawson's  Acadian  Geology,  however, 
I  have,  described  (p.  387)  the  wing  of  an  insect,  Baplophlebium      , 
Bamesii,  which  certainly  bears  some  striking  resemblances  to  the      I 
Odonata,  and  of  which  it  ts  not  impossible  that  the  present  fossil 
may  be  the  larva.  I 

The  abdomen  of  the  specimen  (fig.  1)  is  nearly  perfect,  and 
presents  a  ventral  aspect,  portions  of  the  flanks  of  the  body  may 

ris.  1.  Fig.  %.  I 


be  seen  on  cither  side ;  upon  the  left  side  in  direct  continuity  with 
the  ventral  segments  and  very  distinctly,  especially  since  this 
region  is  darker  colored  than  the  other  parts  of  the  abdomen. 
The  limitation  between  the  ventral  and  pleural  portions  is  sharply 
defined  on  this  side  by  slight  ridges,  showing  that  in  life  tliese 

'  Sto  niinkcmnd  Moycr'a  Paliontographicn,  1»,  pi.  vi,  Og.  8.    Subsfqufiill.r(Vorw. 
Fnun.  Sanrb.  12)  Golden borg  leten  tliU  dsOnitalr  Id  the  TermlUaa,  nndiir  CM  nuea 
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parts  Mvere  abruptly  limited,  while  the  margination  of  the  extreme 
border  of  the  fo8sil  shows  that,  as  in  living  odonate  larvae,  the 
dorsal  was  again  separated  from  the  pleural  region  of  the  abdomen 
by  a  distinct  bend.    The  abdomen  is  elongate-ovate,  devoid  of  any 
armature,  composed  of  nine  segments,  the  ninth  obscure  and  bear- 
ing a  pair  at  least  of  rounded  lobate  pads  of  considerable  size, 
but  not  as  in  recent  Odonata,  pointed  at  the  tip.    The  second  to 
the  fifth  segments  are  shorter  than  the  others ;  the  posterior  edge 
of  all  the  segments  is  straight,  excepting  that  of  the  seventh,  which 
is  gently  convex,  and  that  of  the  eighth,  which  is  strongly  and 
roundly'  excised ;  that  of  the  ninth  appears  also  to  be  regularly 
concave.     The  entire  length  of  the  abdomen  is  13.5™",  and  the 
width  of  the  fifth  or  broadest  segment  6.5°*",  counting  only  the 
ventral  portion  ;  the  appendages  are  1""  long. 

It  is  impossible  to  say  to  which  group  of  Odonata  the  fossil 
belongs.  The  Agrionina,  are  however,  unquestionably  to  be 
excluded.  It  seems  to  be  most  probably  one  of  the  Libellulina, 
and  may  be  provisionally  placed  in  the  old  genus  Libellula  (which 
formerly  contained  aU  the  Odonata)  and  bear  the  name  Libellula 
carbonaria. 

Accompanying  this  interesting  fossil  is  a  frond  of  Alethopteris 

and  two  fragments  of  wings  of  cockroaches.    One  of  the  latter 

is  too  insignificant  to  be  worth  noticing,  but  the  other  is  sufilcient 

for  determination,  and  may  be  called  Blattina  sepulta  (fig.  2). 

It  appears  to  be  nearly  allied  to  B.  carbonaria  Germ.,  but  differs 

from  it  in  some  important  particulars.    It  is  very  imperfect,  a 

portion  of  the  outer  border  being  the  only  part  of  the  margin 

which  is  preserved,  but  most  of  the  disk  of  the  wing  is  present ; 

probably  the  entire  wing  measured  nearly  15""  in  length;   the 

fragment  that  remains  is  but  6.25""  long  and  5""  broad.     The 

anal  nervure  is  no  more  deepl}'  impressed  than  the  others,  rather 

regularly  curved,  and  itself  emits  several  branching  and  simple 

shoots  from  its  posterior  border ;  the  anal  field  (and  apparently 

also  the  middle  field)  is  covered  with  very  frequent  cross-nervules, 

not  represented  in  the  figure ;   the  branches  of  the  middle  field 

appear  to  be  not  very  closely  crowded,  distinctly  less  eo  than  those 

of  the  costal  field. 

The  fossils  were  obtained  at  Cassett's  Pit,  near  Sydney,  Cape 
Breton,  by  Mr.  A.  J.  Hill,  C.  E.,  from  "  near  the  horizon  of  the 
Millstone  Grit,"  as  I  am  informed  by  Principal  Dawson. 
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Obseryations  ok  the  Membral  Musculation  of  Sihta  satyscs 
(Orang)  and  the  comparatiyb  Myology  of  Mak  jls%i>  the 
Apes.    By  W.  S.  Barnard,  of  Canton,  Dl. 

Considering  the  many  dissections  of  S.  saiynis^  made  by  emi- 
nent anatomists,  our  knowledge  of  its  membral  muscles  and  their 
homology  with  those  of  man  and  the  higher  apes  remains  astonish- 
ingly incomplete.     The  muscular  system  is  fundamentally  divided 
into  a  series  of  segments  or  mycomal  parts,  each  of  which  may  be 
subdivided  into  fractional  parts  called  muscles.    The  late  attempts 
of  anatomists  to  point  out  a  general  plan  in  the  vertebrate  muscu- 
lar system  and  to  refer  each  muscle  to  its  natural  series,  gives 
myology  a  fresh  interest  and  importance.     This  is  a  kind  of  work 
similar  to  that  done  by  Owen,  Gegenbaur,  and  others,  for  the  mor- 
phology of  the  vertebrate  skeleton  and  its  archetype  and  homolo- 
gies.    Since  the  osseous  and  muscular  systems  are  so  intimately 
related,  analogous  results  may  be  expected.    Lately,  some  of  our 
American  anatomists  have  given  further  evidences  of  an  antero- 
posterior sj'mmetry,  such  as  was  vagtiely  hinted  at  by  Oken, 
(10),  and  partly  pointed  out  b}'  others.     By  the  great  number  of 
so-called  antero-posterior  homologies,  in  both  the  bones  and  mus- 
cles, as  pointed  out  by  Wyman  (17),  Wilder  (16),  and  Coues 
(3),  they  are  led  to  maintain  that  a  special  as  well  as  a  general 
antero-posterior  symmetry  exists  between  the  front  and  hind  limbs. 
Wyman  finds  proof  of  this  in  the  ontological   deyelopmcnt  of 
some  vertebrates ;  fVirthermore  it  is  corroborated  by  a  great  mass  of 
evidence  by  comparison,  and  the  whole  seems  to  them  to  imply  that 
antero-posterior  S3'mmetry  is  properly  a  character  of  the  vertebrate 
archct3*pe.    On  this  account  these  would  place  the  limbs  in  an 
"  antitropic"  position  for  comparison,  while  Owen  and  others  would 
place  them  parallel  and  pointing  backwards  in  a  "syntropic"  po- 
sition.   I  would  adopt  neither  of  these,  but  compare  the  limbs  in 
a  position  extending  laterally,  at  right-angles  to  the  vertebral 
column  and  .parallel  to  each  other,  believing  that  all  appearances 
of  either  "syntropic"  or  "antitropic"  symmetry  in  the  limbs  are 
secondarily  developed  for  functional  purposes,  and  we  must  be- 
ware of  giving  these  characters  too  great  morphological  value. 

Besides  attempting  to  show  that  a  symmetrical  relation  of 
"  antitropy "  can  be  traced  specially  between  the  muscles  of  the 
anterior  and  posterior  members,  Coues  (3),  and  Wilder  (op.  cit.) 
have  done  something  towards  establishing  a  natural  classification 
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of  the  muscles;  the  former  by  grouping  them  according  to  the 
segments  or  parts  on  which  they  insert,  and  by  adopting  the  sub* 
divisions  proposed  by  the  latter,  into  "short"  and  "long"  muscles 
respectively,  as  one  or  two  joints  occur  between  the  origin  and 
insertion.  I  have  become  convinced  that  muscles  are  much  more 
constant  as  to  the  relative  position  of  their  origins  than  as  to  that 
of  their  insertions ;  that  the  position  of  the  origin  has  the  greater 
morphological  and  homological  value,  and  this  leads  me,  contrary 
to  the  systems  of  anatomists  generally,  to  base  the  main  groups 
of  muscles  on  the  groups  of  origins  as  limited  by  the  osseous  seg- 
ments and  parts  on  which  they  exist.  Each  pf  these  should  be 
subdivided  into  subordinate  groups  based  on  the  groups  of  inser- 
tions as  limited  by  the  osseous  segments  or  bones  similar  to  the 
following  scheme. 

MUSCLES  TRLROLOGICAIXT  OF  THS  HIND  LDffBS. 

A,^^-^  arising  from  the  body, 

a. — inserting  into  the  pelvic  girdle. 

b. —  inserting  into  the  femur. 

c. —  Inserting  into  the  craral  bones. 

MUSCLES  PROPERLT  OF  THE  HIND  UMB8. 

A.^^~-^  arising  from  the  femur, 

a. —  inserting  into  the  crural  bones ;  *'  short." 

b. —  inserting  Into  the  tarso-mctatarsas ;  'Mong." 

c. —  inserting  into  the  toes  ^  "  long." 
B. arising  from  the  crural  bones, 

a. —  inserting  Into  the  tarso-metatarsiuk 

b. —  Inserting  into  the  toes. 
C.  arising  from  the  tarso-metatarsxis, 

a. —  inserting  into  the  toes. 

MUSCLES  TELEOLOOICALLT  OF  THS  FOBS  LDfBS. 

a. —  inserting  on  the  shoulder  girdle, 
b. —  inserting  on  the  humerus, 
c. —  inserting  on  the  cubitus. 

MUSCLES  PROPERLY  OF  THE  FORE  LIMBS. 

A. arising  from  the  humerus, 

a.—  inserting  into  the  cubitus. 

b. —  inserting  into  the  carpo-metacarpas. 

c. —  inserting  into  the  fingers. 
B. arising  from  the  cubitus, 

a. —  inserting  on  the  carpo-metacarpos. 

b.— inserting  on  the  fingers. 
C,^—^~^  arising  from  the  carpo-metacarpus. 
a. —  inserting  on  the  fingers. 

A.  A.  A.  S.  VOL.  XXIV     B.  (S) 
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Those  muscles  which  arise  from  the  body  are  said  to  be  teleolo^- 
cally  of  the  limbs,  because  I  regard  them  as  mycomal  parts  of  the 
trunkal  series,  more  or  less  modified  and  compounded,  especially 
in  their  distal  parts,  to  attach  on  the  limbs  and  make  them  act  In 
relation  to  the  body.     My  reasons  for  this  are  from  comparison 
and  ontology  (7).    In  the  development  of  the  limbs,  at  the  time 
when  the  muscular  tissue  has  begun  to  differentiate,  the  mn scalar 
coat  of  the  body,  by  an  outgrowth,  projects  a  short  distance  into 
the  base  of  the  appendage,  from  which,  however,  it  seems  to  be 
segmented  off  quite  distinctly,  except  by  a  slight  attachment  to 
the  central  axis,  while  the  properly  membral  musculation  originates 
and  developes  in  situ.    They  develop,  like,  and  may  be  compared 
to,  those  morphological  body  muscles,  which  arise  from  the  inter- 
nal skeleton  and  insert  on  the  skin  ;  e.  ^.,  the  muscles  which  arise 
from  the  ribs  of  snakes  and  insert  on  their  abdominal  scutes,  the 
pubo-dorso-cutaneous  and  the  coccy-dorschcutaneoxis  (Duges)  mus- 
cles of  Amphibia,  musculi  patagii  of  birds.     They  insert  on  the 
skin  but  are  no  part  of  its  musculation ;  likewise  with  the  body 
muscles,  which  insert  on  the  appendages  (limbs)   but  do   not 
morphologically  belong  to  them.     By  making  a  proximal  estimate 
of  the  relative  values  of  characters,  I  hope  to  have  avoided  some 
very  common  and    deleterious  errors.     Muscles  are    generally 
determined  as  homologies,  by  one  or  more  of  the  following  charac- 
ters, which  I  have  subordinated  in  accordance  with  their  relative 
degrees  of  variability.     Those  parts  which  maintain  their  relative 
positions  most  constantly,   stand   first   as   having   the   greatest 
morphological  value.     1.   Relative  position  of  the  origin.     2.  Rel- 
ative position  of  the  insertion.     8..  Relative  position  of  "the  line 
of  traction."     Most  anatomists  agree  that  in   determining  the 
homology  of  a  muscle,  its  relative  position  seems  to  be  the  only 
character  of  real,   essential  value.     This  is  evidently  the  most 
valuable  when  we  compare  the  organs  as  wholes.    But  a  part  of 
an  organ  may  maintain  its  relative  position  more  constantly  than 
the  whole,  and  that  of  the  various  parts  of  a  whole,  one  may  be 
more  constant  than  another ;  all  the  other  parts  of  a  muscle  may 
have  changed  while  one  remains  the  same.     To  determine  a  muscle 
by  its  "line-of-traction"  is  only  to  decide  from  its  general  rela- 
tions.    The  relative  position  of  the  origin  seems  to  be  the  most 
constant  and  valuable  of  all  characters  bj'  which  homologies  may 
be  distinguished.    The  "  line-of-traction  "  suffers  all  the  variations 
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of  both  the  origin  and  insertion  (its  two  extremities)  as  well  as 
others,  and  consequently  it  is  a  third-rate  character.     Dr.  Coues 
ba.sed  his  classification  on  the  insertions,  apparently  believing  in 
the  general  view,  that  they  suffer  less  mutation  than  the  origins. 
This  I  must  regard  as  a  mistake,  and  it  also  seems  inconsistent 
with  the  fact  that  he  regards  the  "line-of- traction"  as  having  more 
value  than  either  of  the  attachments.    Any  person  can  see  that 
the  excessive  variability  of  the  insertions  on  the  hand  and  foot,  is 
BO  great  that  the  muscles  in  general  cannot  be  identified  by  these 
distal  attachments.     Fagenstecher  (12)  noticed  this   in  some  of 
these  muscles  and  gave  them  better  names  based  on  the  position 
of  the  origin.     Thus  ^cxor  longus  pollicis  proprius  becomes  appro- 
priately, ^a?or  digitorum  communis  longus  Jibularis^  since  it  always 
arises  chiefly  from  the  fibula,  but  varies  (in  its  distal  parts)  to  act 
on  one  or  more  of  the  toes ;  also^eojor  longus  digitorum  becomes 
flexor  digitorum  communis  longus  tibialis^  because  the  position  of 
the  origin  remains  the  same,  on  the  tibia,  while  it  Inserts  variously 
on  the  toes.     The  morphological  individuality  and  homological 
position  of  a  muscle,  is  best  indicated  by  its  origin,  while  its 
physiological  individuality  and  position  is  more  often  indicated  by 
the  insertion.    Our  incorrect  knowledge  of  the  muscles  generally 
arises  from  the  homologies  being  not  truly  traced  out,  from  the 
fact  that  the  relative  values  of  the  homological  characters  have 
been  not  correctly  estimated,  and  that  too  great  importance  has 
been  given  to  the  position  of  the  insertion. 

A  fact  of  the  greatest  importance  set  forth  in  this  paper  is  that 
most  (and  probably  all)  special,  apparently  distinct  (so-called 
'^  proprius  ")  muscles  of  the  fore  and  hind  limbs  belong  to,  and 
are  morphological  parts  of,  certain  of  the  so-called  "communis" 
muscles,  from  which  they  have  become  differentiated  off,  or  isolated 
by  loss  of  intermediate  parts,  so  as  to  appear  like  distinct  muscles 
in  many  animals,  while  in  others  they  are  still  found  in  their  prim- 
itive condition,  being  mere  factors  of  "communis"  forms,  as  is 
shown  in  these  studies  ;  e.  g.,  extensor  indicis  longus  proprius  and 
extensor  medii  digiti  are  but  parts  of  an  extensor  digitorum  comr- 
munis  profundus;  flexor  pollicis  longus  proprius  is  only  a  part 
of  flexor  digitorum  communis  profundus;  extensor  hallucis  bre^ 
via  is  a  factor  of  extensor  digitorum  brevis;  flexores  breves  digiti 
secundi^  tertii^  quarti^  quinti  et  flexor  brevis  ludluds  superflcialis  are 
parts  of  fleocor  digitorum  brevis  pedis.    After  these  conclusions 
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we  may  greatly  simplify  myological  nomendatare  and  introdace 
correct  ideas  of  the  morphology  of  these  specialized  mnscles,  by 
discarding  their  names  and  remembering  them  under  all  variations 
of  form  and  position  as  being  fasiculi  of  their  respective  *^  com- 
manis  "  forms.    Finding  these  *'  communis  ".muscles  in  their  typi- 
cal condition  down  among  the  lemuroids,  and  tracing  them  op- 
wards  step  by  step  through  all  their  degrees  of  differentiation 
until  we  reach  their  most  specialized  (^'proprius")  forms  in  the 
higher  apes  and  man,  we  follow  out  with  proximate  exactness  the 
lines  of  descent  of  these  specialized  muscles  from  their  ancestral 
typical  forms,  and  this,  as  well  as  the  inheritance  of  many  rudi- 
mentary, and  other  small  muscles,  may  indicate  the  descent  of 
man,  the  higher  apes  and  the  lemuroids  fl'om  a  common  ancestry. 
Considering  its  myology  we  would  not  reckon  the  Orang  as  man's 
nearest  relative  among  the  apes.    In  this  respect  the  Gorilla  and 
Chimpanzee  probably  show  closer  affinities  to  the  human    race. 
Recognizing  the  wonderfully  superior  powers  of  man's  brain  and 
the  surpassing  Amctional  capacity  of  his  other  organs,  we  cannot 
avoid  concluding  that  as  regards  man's  physiological  or  spiritual 
powers  he  differs  in  a  greater  degree  from  the  higher  apes,  tlian 
these  do  from  the  lower  apes;  yet  when  we  observe  the  close 
structural  resemblance  of  man  to  the  Gorilla,  Chimpanzee  and 
Orang,  we  feel  bound  to  conclude  with  Huxley  (6)  that  these  are 
more  closely  related  to  man  than  to  the  lower  apes.    This,  then, 
leads  us  to  an  important  distinction  always  to  be  made  in  express- 
ing this  relationship  of  man  to  the  apes ;  namely,  that  physiologi- 
cally and  teleologiccUly  man  stands  farther  from  the  higher  apes 
than  these  do  from  the  lower  ones  of  their  kind ;  whereas,  mor* 
phologicaUy  the  higher  apes  rank  nearer  to  man  than  to  the  lower 
apes. 

In  the  orang's  pelvis  the  ilium  and  ischio-pubic  arch  are  very 
long.  The  plane  of  the  arch  lies  in  the  antero-posterior  and 
dorso-ventral  axes.  On  this  the  ilium  stands  at  right  angles  and 
the  anterior  margin  of  its  external  surface  (from  which  the  ento* 
glutoBus  arises)  is  the  part  nearest  to  the  trochanter  major.  This 
trochanter  would  be  directly  under  the  antero-superior  spinous 
process  were  the  pelvis  erected  as  in  man  instead  of  being  so 
greatly  inclined  to  the  front.  The  length  of  the  pelvis  and  short- 
ness of  the  femur  give  great  leverage,  enabling  the  muscles  sur- 
rounding the  hip  joint  to  act  very  powerfully.    Because  of  the 
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g^eat  height  of  the  ilium  the  mascles  arising  from  it  are  unusually 
long,  and  this,  with  the  shallowness  of  the  acetabulum  and  erect- 
ness  of  the  surgical  neck  of  the  femur,  allows  great  freedom  of 
XDOtion  and  high  elevation  of  the  hind  limbs.  The  muscles  ex- 
tending from  the  ischio-pubic  arch  to  the  femur  are  necessarily 
short.  In  homologizing  the  pelvic  muscles  of  man  and  the  apes, 
anatomists  have  been  led  astray  and  deceived  by  the  peculiar 
conformation  of  the  iliac  bones.  Thus  Traill  (14)  describing 
in  the  Orang  what  he  believes  to  be  glutceua  minimtiSy  says, 
^^  its  fleshy  fibres  are  most  distinct  along  the  sciatic  notch  (whence 
it  arises)  ;  and  as  it  descends  towards  the  obturator  intemus  it  be- 
comes a  thin  tendinous  expansion the 

insertion  is  into  the  great  trochanter."  Here  he  was  mistaken, 
for  this  is  evidently  pyriformis,  which  he  has  wrongly  homologized 
as  glutoeus  minimus.  Having  done  this,  there  appeared  to  him  no 
pyriformisy  and  the  true  glutoeus  minimus  seemed  to  be  a  new  mus- 
cle, and  he  named  and  described  it  as  such,  saying,  '^  The  action 
of  this  muscle,  which  appears  peculiar  to  this  animal,  is  to  draw 
the  thigh  up  towards  the  body  ;  and  it  seems  especially  intended 
to  assist  in  climbing.  On  this  account  we  propose  to  name  it  the 
scandens^  or  musculus  acansorius;  and  we  are  disposed  to  regard 
it  as  one  of  the  principal  peculiarities  in  Simia  satyrus"  Singu- 
larly this  remarkable  blunder  by  Traill  has  never  been  discovered, 
but,  since  his  time,  seems  to  have  led  astray  all  other  anatomists 
of  the  Orang,  who,  thinking  themselves  obliged  to  find  this  new 
muscle,  the  so-called  scanaoriusy  a  supposed  great  peculiarity  of 
the  higher  apes,  distinguishing  them  essentially  from  man  and  the 
lower  apes,  have  seriously  magnified  his  mistakes  and  failed  to 
homologize  the  glutei  correctly.  Owen  (11)  noticed  it  in  the  Orang 
as  invertor  femoria.  Wilder  (166)  describes  it  in  the  Chimpanzee 
as  acanaoriua,  Bischoff  (1)  also  regards  it  as  a  peculiarity  of  the 
higher  apes,  and  uses  it  as  a  weapon  against  Huxley's  statement, 
that  the  structural  difference  between  the  higher  and  lower  apes  is 
greater  than  that  between  the  higher  apes  and  man,  as  follows : 
''Very  remarkably  there  is  found,  just  with  two  of  the  anthro- 
poids, an  accessory  buttock-muscle,  which  does  not  exist,  either 
with  man  or  the  lower  apes,  which  Traill  first  observed  in  the 

chimpanzee  and  named  M,  acatiaoriua As 

regards  acanaoriua  it  must  be  said  that  the  orang  and  chimpanzee 
are  more  unlike  man  than  the  lower  apes."  ('^Sehr  bemerkens- 
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we  may  greatly  simplify  myological  nomenclature  and  introduce 
correct  ideas  of  the  morphology  of  these  specialized  muscles,  by 
discarding  their  names  and  remembering  them  under  all  variations 
of  form  and  position  as  being  fasiculi  of  their  respective  ^^  com- 
munis "  forms.  Finding  these  *'  communis  ".muscles  in  their  t3*pi- 
cal  condition  down  among  the  lemuroids,  and  tracing  them  up- 
wards step  by  step  through  all  their  degrees  of  differentiation 
until  we  reach  their  most  specialized  ("proprius")  forms  in  the 
higher  apes  and  man,  we  follow  out  with  proximate  exactness  the 
lines  of  descent  of  these  specialized  muscles  from  their  ancestral 
typical  forms,  and  this,  as  well  as  the  inheritance  of  many  rudi- 
mentary, and  other  small  muscles,  may  indicate  the  descent  of 
man,  the  higher  apes  and  the  lemuroids  fi'om  a  common  ancestry. 
Considering  its  myology  we  would  not  reckon  the  Orang  as  man's 
nearest  relative  among  the  apes.  In  this  respect  the  Gorilla  and 
Chimpanzee  probably  show  closer  affinities  to  the  human  race. 
Recognizing  the  wonderfully  superior  powers  of  man's  brain  and 
the  surpassing  functional  capacity  of  his  other  organs,  we  cannot 
avoid  concluding  that  as  regards  man's  physiological  or  spiritual 
powers  he  differs  in  a  greater  degree  from  the  higher  apes,  than 
these  do  from  the  lower  apes;  yet  when  we  observe  the  close 
structural  resemblance  of  man  to  the  Gorilla,  Chimpanzee  and 
Orang,  wo  feel  bound  to  conclude  with  Huxley  (6)  that  these  are 
more  closely  related  to  man  than  to  the  lower  apes.  This,  then, 
leads  us  to  an  important  distinction  always  to  be  made  in  express- 
ing this  relationship  of  man  to  the  apes ;  namely,  that  physiologic 
cally  and  teleologicaUy  man  stands  farther  from  the  higher  apes 
than  these  do  from  the  lower  ones  of  their  kind ;  whereas,  mov' 
phologUxUly  the  higher  apes  rank  nearer  to  man  than  to  the  lower 
apes. 

In  the  orang's  pelvis  the  ilium  and  ischio-pubic  arch  are  very 
long.  The  plane  of  the  arch  lies  in  the  antero-posterior  and 
dorso-ventral  axes.  On  this  the  ilium  stands  at  right  angles  and 
the  anterior  margin  of  its  external  surface  (from  which  the  ento* 
glutceus  arises)  is  the  part  nearest  to  the  trochanter  major.  This 
trochanter  would  be  directly  under  the  antero-superior  spinous 
process  were  the  pelvis  erected  as  in  man  instead  of  being  so 
greatly  inclined  to  the  front.  The  length  of  the  pelvis  and  short- 
ness of  the  femur  give  great  leverage,  enabling  the  muscles  sur- 
rounding the  hip  joint  to  act  very  powerfully.    Because  of  the 
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great  height  of  the  ilium  the  muscles  arising  from  it  are  unusually 
long,  and  this,  with  the  shallowness  of  the  acetabulum  and  erect- 
ness  of  the  surgical  neck  of  the  femur,  allows  great  freedom  of 
motion  and  high  elevation  of  the  hind  limbs.  The  muscles  ex- 
tending from  the  ischio-pubic  arch  to  the  femur  are  necessarily 
short.  In  homologizing  the  pelvic  muscles  of  man  and  the  apes, 
anatomists  have  been  led  astray  and  deceived  by  the  peculiar 
conformation  of  the  iliac  bones.  Thus  Traill  (14)  describing 
in  the  Orang  what  he  believes  to  be  glutasus  minimtiSj  says, 
*^  its  fleshy  fibres  are  most  distinct  along  the  sciatic  notch  (whence 
it  arises)  ;  and  as  it  descends  towards  the  obturator  intemus  it  be- 
comes a  thin  tendinous  expansion the 

insertion  is  into  the  great  trochanter."  Here  he  was  mistaken, 
for  this  is  evidently  pynformis,  which  he  has  wrongly  homologlzed 
as  glutoeua  minimus.  Having  done  this,  there  appeared  to  him  no 
pyriformiSy  and  the  true  glutoev^  minimus  seemed  to  be  a  new  mus- 
cle, and  he  named  and  described  it  as  such,  saying,  *^  The  action 
of  this  muscle,  which  appears  peculiar  to  this  animal,  is  to  draw 
the  thigh  up  towards  the  body ;  and  it  seems  especially  intended 
to  assist  in  climbing.  On  this  account  we  propose  to  name  it  the 
scandensy  or  mu^cultts  scansorius;  and  we  are  disposed  to  regard 
it  as  one  of  the  principal  peculiarities  in  Simia  satyrus.^*  Singu- 
larly this  remarkable  blunder  by  Traill  has  never  been  discovered, 
but,  since  his  time,  seems  to  have  led  astray  all  other  anatomists 
of  the  Orang,  who,  thinking  themselves  obliged  to  find  this  new 
muscle,  the  so-called  scansorius^  a  supposed  great  peculiarity  of 
the  higher  apes,  distinguishing  them  essentially  from  man  and  the 
lower  apes,  have  seriously  magnified  his  mistakes  and  failed  to 
homologize  the  glutei  correctly.  Owen  (11)  noticed  it  in  the  Orang 
as  invertor  femoris.  Wilder  (166)  describes  it  in  the  Chimpanzee 
as  scansorius.  Bischoff  (1)  also  regards  it  as  a  peculiarity  of  the 
higher  apes,  and  uses  it  as  a  weapon  against  Huxley's  statement, 
that  the  structural  difference  between  the  higher  and  lower  apes  is 
greater  than  that  between  the  higher  apes  and  man,  as  follows : 
"Very  remarkably  there  is  found,  just  with  two  of  the  anthro- 
poids, an  accessory  buttock-muscle,  which  does  not  exist,  either 
with  man  or  the  lower  apes,  which  Traill  first  observed  in  the 

chimpanzee  and  named  M.  scayisorius As 

regards  scansorius  it  must  be  said  that  the  orang  and  chimpanzee 
are  more  unlike  man  than  the  lower  apes."  ("Sehr  bemerkens- 
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werther  weise  findet  sich  gerade  bei  zwcien  der  Anthropoiden  ein 
accessorischer  Gesaess-Muskcl  welcher  sowobl  dem  Menschen  als 
den  niederen  Affen  fehlt,  welchen  Traill  zuerst  bei  dem  Cbim- 

panzee  beobaehtete  und  M.  scansorius  nannte 

Rueeksichtlich  des  Scansorius  aber  muss  man  sagen,  dass  der 
Orang  und  Chimpanzee  dem  menschen  unsehnlicher  sind  als  die 
niederen  Affen.")  Humphrey  has  homologized  these  muscles  cor- 
rectly in  the  Chimpanzee,  so  that  his  observations  do  not  disagree 
with  mine  ;  in  the  "  Journal  of  Anatomy  and  Physiology,  Vol.  I, 
p.  254  and  265,  respectively,  in  some  notes  on  the  Chimpanzee 

he  says,  "  I  did  not  discover  any  distinct  scansorius  " 

"The  other  buttock  muscles  were  as  in  man."  The  absence  of 
pyriformis,  the  great  misplacement  of  glutceus  minimus  and  the 
discovery  of  a  new  muscle,  scansorius  of  Traill,  Bischoff  and  others, 
and  invertor  femoris  of  Owen,  alleged  as  great  peculiarities  of  the 
higher  apes  do  not,  and  never  did,  exist,  either  in  the  Chimpanzee 
or  the  Orang  or  any  other  ape.  These  errors  were  curiously  ag- 
gravated by  Dr,  Coues,  in  his  myology  of  Didelphys  virginiana 
(Opossum).  He  rightly  found  the  pyriformis  and  entoglutceus 
both  present,  and  then  finding  also  another  muscle  passing  from 
the  ilium  to  the  upper  part  of  the  femur  concluded  too  hastily  that 
it  must  be  the  scansorius  of  Traill.  To  this  muscle  he  applied 
the  name  ilio  femoralis^  for  what  reason  does  not  appear,  since  he 
cites  scansorius  (Traill)  and  invertor  femoris  (Owen)  as  homologies. 
But  it  so  happens  that  what  he  called  ilio-femoralis  in  the  Op- 
posum,  is  a  rudimentary  muscle,  which,  as  will  be  seen,  is  found 
in  the  apes  also ;  it  exists  in  the  Orang,  and  I  describe  it  farther 
on  as  ilio-femoralis  subrectus. 

The  muscles  will  now  be  considered  seriatim  according  to  the 
order  of  arrangement  adopted  in  the  classification  as  presented 
above. 

MUSOLES  TELEOLOGICALLY  OF  THB  HIND  LIMBS. 

A. arising  from  the  body, 

a.— inserting  on  the  pelvic  girdle. 

QuADRATUS  LUMBORUM  and  PSOAS  ANTicus  (psotts  parvus)  are 
not  essentially  peculiar  in  the  Orang ;  but  in  most  of  the  lemu- 
roids  (9)  g.  lumborum  is  closely  related  to  subiliacus  (iliacus 
internus)  and  sends  one  of  its  tendons  to  the  crest  of  the  ilium, 
while  the  anterior  psoas  is  generally  larger  than  the  posterior, 
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hence  I  have  altered  their  names.  The  anterior  one  is  the  largest 
in  the  Chimpanzee  and  in  the  Lemiiroidea  (9),  except  in  Oalago  eras- 
sicaudatus.  It  arises  from  the  bodies  of  the  last  dorsal  and  three 
lumbar  vertebrae  in  Lemur  catta^  Cheiromys  and  Tarsius,  but  in  the 
latter  it  bifurcates  d  is  tally  and  is  pierced  by  p.  posticus  and  sub' 
iliacus.  In  the  others  it  arises  only  from  the  lumbar  vertebrae ; 
in  Nycticehus  from  the  2.  and  3. ;  from  the  2.,  3.,  and  4.  in  L,  »an- 
thomystax ;  from  the  3.,  4.,  and  5.  in  G.  crassicavdatus  (9). 

b. —  inserting  on  the  femur. 

Psoas  posticus  {p.  magnus;  see  p.  anticus)  arises  as  in  man 
and  the  Chimpanzee,  but  differs  from  man's  in  being  very  long  and 
blending  with  subiliacus.  These  two  muscles  are  not  at  all  dis- 
tinct, but  seem  to  form  one,  the  ^' flexor  femoris"  of  Theile  and 
others.  It  is  no  less  distinct  in  Lemur  varius^  L,  catta  and  L,  nigri- 
frons.  It  arises  broadly  from  the  ilium  in  (?.  Oarnetiii.  In  Tarsius 
(2),  it  is  double  and  arises  as  high  as  the  last  dorsal ;  but  comes 
from  the  last  dorsal  and  six  upper  lumbar  vertebrae  in  Nycticehus. 
In  L,  catta^  G.  Allenii  and  G.  crassicaudatus^  it  comes  from  the  last 
three  lumbar  vertebrae. 

Subiliacus  (iliacus  internus;  see  psoas  posticus)  is  continuous 
with  2ysoas  posticus.  In  the  genus  Galago  this  arises  partly  from 
the  antero-superior  spinous  process  of  the  ilium  and  partl}'^  from 
the  body  of  the  last  lumbar  vertebrae ;  while  in  Nycticehus  tardi- 
gradus^  we  see  that  its  name  should  be  changed,  since  it  does  not 
arise  at  all  from  the  ilium,  but  comes  from  the  sacrum  and  lumbar 
vertebrae  below  the  third. 

EcTOGLUTiEus  (glutcBus  maximus)  is  very  broad,  and  although 
thick  posteriorly,  becomes  thin  towards  its  anterior  edge.  The 
coccygeal  and  sacral  part  of. its  origin  is  like  the  same  in  man,  but 
the  remainder  is  thin,  and  fibres  come  from  the  aponeurosis  over 
mesoglutceus^  in  a  line  from  the  anterior  to  the  posterior  iliac 
angles.  The  insertion  begins  about  one  inch  below  the  trochanter 
major,  on  the  linea  aspera,  as  in  Hylohates  leuciscus  (1),  to  its 
middle,  while  in  the  Gorilla  this  insertion  continues  to  the  knee. 
Oil  the  left  side  of  the  Orang  it  gives  off  a  portion  to  insert  with 
the  short  branch  of  the  hiceps  on  the  femur.  In  the  lemuroids  it 
is  large  with  a  large  caudal  portion  except  in  Nycticehus, 
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Mesoglutjeus  (glutasus  mediiLSj  Fig.  1,  C)  is  generally  much 
larger  in  {^uadrumana  than  in  man.  Arising  from  the  whole 
superior  border  of  the  ilium,  from  its  anterior  angle  to  the  sciatic 
notch,  through  which  an  important  fasiculus  comes  from  the  inner 
surface  of  the  coccyx,  it  becomes  thick,  stout  and  long  to  attach 
by  a  short,  strong  tendon  on  top  of  the  trochanter  major. 

ENTOGLUTiEUS  (gliUcsus  minimus ;  seansoriuSy  Traill,  Wilder, 
Bischoff,  etc.;  invei'tor  femoris^  Owen;  Bee  pyriformis;  Fig.  1, 
A.).  This  muscle  has  really  been  found  in  aU  the  apes  though  it 
has  always  been  wrongly  homologized  in  some,  and  in  such  cases 
was  said  not  to  exist.  Although  the  form  of  the  ilium  in  the 
Orang  is  quite  peculiar,  this  muscle  retains  its  ordinary  rela- 
tions to  all  the  other  iliac  muscles.  If,  instead  of  the  antero- 
inferior spinous  process  of  the  ilium  of  man,  we  had  a  large 
notch  there  making  the  neck  very  narrow  as  in  the  Orang,  tlie 
origin  of  entoglutoeus  would  necessarily  occupy  the  same  position 
relative  to  its  edge.  The  difference  here  is  in  the  bone  and  not 
in  the  relative  position  of  the  origin.  It  arises  fVom  the  ante- 
rior margin  and  aspect  of  the  external  surface  of  the  ilium  and 
from  its  anterior  angle  down  two-thirds  of  the  way  towards  the 
acetabulum.  As  in  man  its  origin  is  not  very  distinct  from  that 
of  mesoglutseus.  It  is  a  thin,  broad,  triangular,  and  very  import- 
ant muscle,  proportionally  larger  than  that  in  man.  On  its  ante- 
rior border  is  a  partially  separable  fasiculus,  ten807'  fascioB  latce  f 
The  whole  forms  a  stout  tendon  to  insert  on  the  anterior  face  of 
the  troclianter  major,  but  a  little  lower  down  than  in  man.  In 
Lemur  nigrifrons  it  arises  from  the  whole  border  of  the  notch  as 
in  the  Orang.  The  other  lemuroids  possess  only  a  part  of  this  origin 
and  in  Oalago  only  a  very  small  portion  exists,  coming  from  above 
the  acetabulum,  the  muscle  being  very  small  and  short. 

Teksor  FASOiiE  LAT^  appears  as  an  anterior  fasiculus  of  ento- 
glutceus^  not  very  distinct.  This  is  probably  homologous  with 
that  of  the  other  apes  and  man,  since  it  agrees  by  its  function  and 
the  relative  x>osition  of  its  origin,  and  its  insertion  in  man  would 
not  have  to  vary  much  to  blend  with  that  of  entoglutoeus.  In  the 
Chimpanzee  it  was  much  larger  than  in  man,  while  in  the  higher 
apes  it  generally  is  more  or  less  combined  with  the  margins  of  the 
glutei;  therefore  we  could  hardly  expect  it  to  be  absent  from  the 
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Orang.    Also  it  is  not  differentiated  off  in  the  lemuroids  except 
in  TaraiuSf  where  Burmeister  describes  it  as  not  very  distinct. 

Ptriformis  (glutoeus  minimus^  Traill ;  Fig.  1,  B.)  in  man  arises 
from  the  external  iliac  margin  of  the  great  sacro-sciatic  notch  and 
by  three  small  slips  from  the  sacrum,  to  insert  on  the  back  part  of 
the  upper  border  of  the  trochanter  major  by  a  stout  tendon  usually 
blended  with  that  of  the  obturator  intemus.  In  the  Chimpanzee 
and  Orang  it  differs  from  man's  by  not  receiving  the  three  sacral 
slips  and  by  being  inserted  a  little  more  anteriorly  but  just  ov^r 
the  insertion  of  obturator  intemus^  so  that  its  position  relative  to 
that  muscle  is  preserved.  In  the  Lemuroidea  it  arises  entirely 
from  the  sacrum. 

Obturator  ikternus  is  longer  than  man's,  and  inserts  on  the 
internal  face  of  the  great  trochanter,  far  above  the  gemeUi^  instead 
of  being  blended  with  them  as  in  man  and  the  lemuroids. 

Obturator  externus  is  a  large  muscle,  distinct  to  its  insertion 
between  the  o.  intemua  and  the  gemeUij  except  in  the  Lemuroidea. 

Gemelli  et  quadratus  femoris  form  one  muscle,  not  easily 
divisible  into  fasiculi.  As  in  the  Chimpanzee,  they  are  very  long 
on  account  of  the  long  posteriorly  projecting  ischium.  They  insert 
with  the  obturatorea  in  the  lemuroids. 

Ileo-femoralis  subrectus,  a  very  small,  round  muscle,  which 
arises  between  the  two  heads  of  the  rectus  femoris^  and  extends 
just  beneath  it,  over  the  hip  joint  to  attach  anteriorly,  at  the  base 
of  the  surgical  neck  between  the  two  trochanters.  It  is  common 
to  both  sides.  Further,  it  has  been  found  in  the  Chimpanzee  by 
Wilder,  and  in  Hylobatea  leuciacua  by  Bischoff,  who  speaks  of 
it  as  ''  ein  kleiner  von  der  Spina  ant.  inf.  Ossis  lUii  entspring- 
ender  und  sich  an  die  Basis  des  Trochanter  minor  ansetzender 
Mneskel "  and  saj's  that  it  also  exists  in  Cyiwcephalua  maimon^ 
Cercopithecua  aabceua^  and  Macacua  cynomolgua,  but  gives  it  no 
name  nor  homologue.  Curiously  it  was  also  found  in  Didelphya 
virginiana  (Opossum),  by  Dr.  Cones,  where  he  regarded  it  as  the 
homologue  of  the  unfortunate  so-called  acanaoriua  {erUoglutoeua). 
It  exists  in  all  these  cases  with  so  little  functional  importance  that 
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it  must  be  regarded  as  rudimentary,  though  quite  distinct  in  the 
apes. 

CiRCUMDUCTOR   SUB-PECTINEUS  (SUPERIOR  ET  INFERIOR  Fig.  2,  A, 

and  B).  I  make  these  names  indicate  two  muscles,  which,  so  far  as 
I  know,  have  never  been  described  and  may  be  considered  as  new. 
From  Dr.  Cones'  memoir  I  conclude  that  their  homologues  (like 
that  of  ileO'femoralis  sub-rectus)  exist  in  Didelphys  virginiana  (the 
Opossum).  Homologues  of  one  or  more  of  these  certainly  exist 
in  the  Lemuroidea,  since  Van  Campen  (15)  finds  what  he  calls  a 
fburth  adductor  arising  beneath  pectineuSj  and  attaching  to  the 
small  trochanter  in  Perodicticus.  Meckel  says  that  there  are  four 
adductors  besides  j^ec^mews  in  Loris,  In  describing  pectineus^  Owen 
states  that  "  beneath  it  are  strong  and  thick  gemelli  converging 
from  their  origin  on  the  anterior  surface  of  the  pubis  and  ischium 
to  the  interspace  between  the  small  arid  large  trochanter"  of 
Clieiromys.  Owen  is  certainly  mistaken  in  regarding  these  as 
gemelli.  Together  with  the  adductors  of  the  apes  these  have 
generally  been  lumped  as  a  group  of  fasiculi  not  to  be  understood ; 
but  I  have  homologized  the  adductores  and  find  these  circumduc- 
tores  left.  They  adduct  and  rotate  the  limb  at  the  same  time, 
whence  the  name  circumductores.  Each  of  these  is  a  distinct 
muscle.  They  are  inserted  near  the  line  of  attachment  of  adductor 
magnuSj  but  cannot  be  a  part  of  it,  because,  if  the  insertion  of 
that  muscle  was  continuous  as  in  man,  to  its  upper  factor,  these 
would  be  left  behind ;  furthermore,  that  which  arises  highest  in- 
serts lowest,  and  this  is  contrary  to  the  general  rule  that  parts  of 
the  same  muscle  do  not  cross  each  other. 

CiRCUMDUCTOR   SUB-PECTINEUS   INFERIOR    (Fig.    2,  B.)    is   R  VCry 

important  muscle,  being  twice  as  large  as  circ.  8.  superior.  Its 
origin  is  from  the  os  pubis,  between  pectinexis  and  adductor  magnuSy 
but  close  to  the  former,  with  which  it  agi-ees  in  breadth,  though  it 
is  thinner.  It  passes  posteriorly  around  the  femur  to  attach  just  be- 
hind and  below  the  highest  fasiculus  of  adductor  magnus, 

CiRCUMDUCTOR  BUB-PECTiNEUS  SUPERIOR  (Fig.  2,  A.)  arises  from 
OS  pubis  close  to  pectineus^  partly  above  and  partl}'^  beneath  the 
upper  margin  of  that  muscle.  It  passes  downward  and  outward 
crossing  circ.  8,  inferior  to  insert  just  below  it.  This  also  is 
very  thin  at  both  ends,  though  its  attachments  are  broad. 
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Pectineus  (see  circumductores  and  adductores.  Fig.  2,  G-I.)  is 
smaller  than  in  man  and  its  broad  thin  tendon,  at  the  insertion, 
is  not  distinct  fx*om  that  of  adductor  longus. 

Adductores.  These  muscles  in  the  Gorilla  are  said  to  be  like 
those  of  man,  but  in  the  other  apes  are  usually  found  to  be  very 
indistinct  so  that  they  have  generally  been  only  partially  homolo- 
gized  with  those  of  man.  Adductor  longus  and  adductor  magnus 
are  found  in  all  the  apes,  though  the  existence  of  adductor  brevis 
has  been  questioned.  I  have  figured  those  of  the  Orang.  Perhaps 
the  illustrations  will  explain  them  better  than  words.  Their  origin 
does  not  differ  from  the  same  in  man.  Bischoff  discovered  but 
two  adductores  in  the  Orang,  saying,  "  Bei  dem  Orang  Konnte  ich 
nur  eine  Eintheilung  in  eincn  Adductor  longus  und  magnus  unter- 
scheiden." 

Adductor  longus  (Fig.  2,  D.)  agrees  with  that  muscle  in  man 
by  its  size,  form  and  relations,  but  is  naturally  separable  from  the 
adductor  magnus^  for  only  two-thirds  of  its  length.  Some  of  its 
fibres  go  below  the  foramen  for  the  femoral  vessels  with  adductor 
magnus.  This  is  the  smallest  of  the  adductor  muscles  in  the 
Lemuroidea,  where  it  inserts  in  juxtaposition  with  adductor  magnus^ 
a.  brevis  and  pectineus,  but  is  continuous  with  pectineus  in  Nycti- 
cebus  tardigradus. 

Adductor  brevis  (Fig.  2,  C.)  arises  as  in  man,  but  instead  ot 
becoming  triangular,  it  continues  narrow  to  its  insertion,  which 
agrees  with  the  upper  part  of  that  in  man.  Bischoff  failed  to  find 
it  in  the  Orang,  but  found  it  in  Hapale  penicUlata  ("Von  dem  ad- 
ductor magnus  lasst  sich  aber  ein  starkes  oberstes  Biindel  unter- 
scheiden,  welches  vom  aufsteigendem  Ast  des  Sitzbeins  entspringt 
und  sich  zwischen  trochanter  major  und  minor  Ansetzt,")  though  he 
failed  to  homologize  it  as  such.    It  is  constant  in  the  lemuroids. 

Adductor  magnus  (Fig.  2,  E-F.).  The  part  of  this  muscle, 
which  attaches  to  the  internal  condyle  of  the  femur,  is  very  thick 
and  the .  foramen  just  above  it  for  the  femoral  vessels  is  very 
large.  Its  insertion,  instead  of  extending  as  high  up  as  the  base 
of  the  lesser  trochanter  as  in  man,  stops  at  a  point  just  above  the 
upper  margin  of  adductor  lortgus,    A  small  muscle  partially  di- 


124  B.      NATURAL  BISTORT. 

visible  into  two  fasicuH  is  given  off  at  the  upper  part  of  the  origin 
of  a.  magnus^  from  which  it  seems  to  be  a  factor  representing  the 
upper  border  and  insertion  of  that  in  man.  Ad.  magnus  inserts 
over  more  than  the  middle  third  of  the  femur  in  Lemur^  Loris 
and  Cheiromys;  into  one-half  of  the  femur  in  TarsiiLs;  into  the 
upper  two-thirds  in  Galago  crasaicaudcUua ;  into  the  lower  two- 
thirds  in  Nycticebus  tardigradua. 

Semimembranosus,  semitendinosus  bt  biceps  cruris  arise 
together  from  the  tuber-ischii  by  a  broad,  stout,  fleshy  origin. 
About  three-fourths  of  an  inch  from  this  semimembranosus 
branches  off  to  insert  on  the  internal  aspect  of  the  inner  condyle 
of  the  tibia.  This  muscle  continues  broad  and  fleshy  to  its  inser- 
tion. It  is  found  in  the  Chimpanzee  with  its  tendon  of  origin  long 
and  its  tendon  of  insertion  short.  Semitendinosus  takes  its 
departure  at  about  one  and  one-half  inches  from  the  origin.  It 
inserts  by  a  very  broad  and  thin  tendon  in  a  vertical  line,  inter- 
nally on  the  upper  third  of  the  tibia.  This  muscle  is  not  semi- 
tendinous as  in  man,  but  continues  fleshy  almost  to  its  insertion. 
In  Lemur  varius  this  bifurcates  to  insert  with  both  gracilis  and 
biceps^  while  it  has  a  double  origin  in  HapaJe  penicillata  and 
Cheiromys^  where  an  extra  portion  comes  from  the  second  caudal 
vertebra  adjoining  the  caudal  origin  of  glutceus.  Biceps  femoriSy 
at  two  and  a  half  inches  from  its  origin,  divides  into  two  branches. 
The  longest  of  these  goes  to  the  external  face  of  the  head  of  the 
fibula  and  to  the  fascia  anterior  of  the  knee,  while  the  shortest,  re- 
ceives a  small  factor  ftom  ectoglutasus  and  inserts  externally,  over 
the  distal  half  of  the  femur,  to  the  condyle.  The  short  head  of 
origin  is  a  distinct  muscle  arising  from  the  femur  in  the  Orang, 
and  probably  represents  that  part  of  vastu^s  extemus^  which  is  con- 
nected with  biceps  in  the  Lemuroidea. 

Rectus  femoris  arises  as  in  man  and  the  lemuroids  by  two 
heads,  while  it  has  but  one  in  the  Chimpanzee,  that  from  the  in- 
ferior spinous  process  of  the  ilium. 

Gracilis  (Fig.  2,  E.)  comes  from  a  broad,  thin  origin  along 
the  whole  symphysis  pubis,  to  attach  below  by  a  broad  band  be- 
tween the  insertions  of  sartorius  and  semitendinosus.  It  agrees 
with  the  same  in  the  Chimpanzee  by  inserting  lower  down  and  by 
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being  stronger  than  in  man.    In  the  lemurs  it  is  inserted  together 
with  aartorius  and  semitendinosua^  by  a  common  tendon. 

Sartorius  (see  gracilis),  arising  just  below  the  angle  of  the 
ilium,  becomes  slender  and  very  long.  While  that  of  man  inserts 
on  the  inner  tuberosity  of  the  tibia,  this  attaches  about  one-third 
of  the  distance  down  that  bone. 

MUSCLES  PROPBRLT  OF  THE  POSTERIOR  LDIBS. 

A. arising  from  the  femur. 

a. — inserting  into  the  cmral  hones. 

Vastus  externus  is  not  as  large  and  strong  as  in  man.  It  has 
two  heads ;  the  largest  arising  anteriorly,  from  the  great  trochan- 
ter ;  the  smaller,  from  its  base  externally.  Passing  downwards  as 
in  man,  it  is  attached  to  the  external  border  of  the  upper  margin 
of  the  patella,  and,  through  this,  into  the  tuberosity  of  the  tibia. 
This  is  partly  connected  with  biceps  femoria  in  the  Lemuroidea. 

Vastus  interkus  takes  its  origin  internally,  fVom  the, base  of 
the  femur,  to  within  one  inch  of  the  patella,  on  the  internal  margin 
of  which  it  inserts.  In  Tarsius  this  appears  to  be  in  two  layers ; 
but  the  lower,  is  probably  a  part  of  the  internal  division  of 
crureus, 

Crureus  is  weaker  than  in  man.  It  arises  beneath  the  head  of 
the  femur,  and  from  its  whole  anterior  surface  to  within  one  inch 
of  the  patella,  where  it  blends  with  the  vaati  to  insert.  It  is  a 
more  distinct  and  important  muscle  in  the  Lemuroidea.  The  Sub- 
CRUREUS  is  a  deep  layer  of  the  crureua  from  which  it  is  seldom  well 
differentiated  off  in  the  lemuroids,  but  is  quite  distinct  in  Lemur^ 
Nycticehua  and  Taraiua,  where,  like  the  superficial  crureua^  it  is 
divided  to  a  greater  or  less  extent,  into  an  external  and  internal 
part.  This  probably  arose  as  a  deep  factor  of  crureua^  just  as 
crureua  arose  as  a  deep  factor  of  the  vaati. 

Biceps  femoris  secundus.  I  find  the  ''short  head"  of  biceps 
ferruyria  (not  its  short  branch  of  insertion)  in  the  Orang,  as  a  dis- 
tinct muscle,  which  comes  from  the  upper  two-thirds  of  the  outer 
lip  of  the  linea  aspera.  It  is  inserted,  between  the  peronei  and 
the  muscles  posterior  to  them,  along  the  whole  length  of  the  fibula. 
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This  may  represent  that  slip  which  connects  vasttis  extemus  and 
the  biceps  in  the  Lemuroidea. 

b. — inserting  on  the  tarso-metatarsns. 

Gastrochkemius  is  not  so  thick  as  in  man.  The  external  head 
is  peculiar  by  being  distinct  throughout  its  entire  length,  even  to 
its  insertion,  which  is  just  beneath  that  of  soleus^  on  the  os  calcis. 
The  internal  part  and  soleus  unite  as  in  man,  by  the  distal  third  of 
their  external  edges  and  form  the  tendo  Achillis.  By  this  com- 
plete separation  of  the  gastrochnemii  \fe  have  two  tendones  Achillis 
as  obtains  in  some  marsupials.  In  the  lomuroids  the  two  heads 
are  small  and  arise  each  by  a  sesamoid  bone.  They  join  with  the 
strong  tendo  Achillis  at  the  middle  of  the  leg. 

Plant  arts  is  either  absent  from  the  Orang  or  else  indistinguish- 
ably  blended  with  gastrochnemius.  In  the  lemuroids  it  is  strong 
and  arises  in  common  with  gastrochnemius^  but  has  a  separate 
tendon  going  to  the  fascia  of  the  sole  in  Lemur  catta  and  Oalago 
crassicaudatus.  Its  tendon  fails  m  NycticebuSy  Loris  and  the  Potto, 
where  it  is,  as  in  the  Orang,  either  completel}^  blended  with  the 
gastrochnemius  or  else  absent.  It  is  also  rather  strong  but  united 
(9)  with  the  outer  head  of  gastrochnemius  in  Hapale  penicillata 
and  Fithecia  hirsuta.  In  Cynocephalus  maimon  it  is  also  very 
strong  and  inserts  in  the  plantar  fascia.  From  its  important  size 
and  tendency  to  blend  in  the  other  apes,  we  must  conclude  that  it 
is  not  absent  from  the  Orang  (as  it  appears  to  be),  but  that  it  con- 
stitutes a  part  of  the  external  gastro(^inemius, 

c. — inserting  on  the  toes. 

Flexor  digitorum  communis  longus  fibularis  (flexor  longus 
hallucis;  see  flex,  dig.  com.  I.  tibialis)  sends  no  tendon  to  hallux 
in  the  Orang  but  virtually  becomes  a  flexor  digitorum.  Flexor 
longus  hallucis  is  only  the  remnant  of  a  commrmis  muscle  found  in 
the  lower  animals.  It  is  a  very  stout  muscle,  continuing  fleshy  to 
the  tarsus.  It  arises  from  the  external  cond^'le  of  the  femur,  from 
the  fascia  of  the  knee  and  the  upper  two-thirds  of  the  posterior 
surface  of  the  fibula.  Passing  through  the  infero-internal  groove 
of  OS  calcis  it  bifurcates,  sending  one  branch  to  the  second  toe, 
perforating  the  tendon  of  flexor  digitorum  communis  longus  tibialis 
(flex.  long,  digitorum)  to  insert  with  it  on  the  last  phalanx.     The 


B.      NATURAL   HISTORY.  127 

other  branch,  after  piercing  the  tendon  of  fleonor  brevis  digitorum^ 
inserts  on  the  last  phalanx  of  the  third  toe.  In  all  the  other 
higher  apes  it  gives  off  tendons  for  the  first,  third  and  fourth  toes, 
while  that  of  Hylobates  (1)  acts  also  on  the  fifth.  The  tendon  of 
the  first  toe  is  usually,  though  not  always,  absent  from  the  Orang, 
and  its  other  insertions  seem  very  irregular.  In  Lemur  catta  and 
Cheiromys^  it  arises  also  partly  from  a  distal,  peroneal  portion  of 
the  tibia  and  is  considerably  larger  than  flex.  dig.  com.  long. 
tibicUiSy  with  which  it  blends  distally  in  Perodicticus^  where  Van 
Campen  (15)  describes  them,  together  as  one  muscle.  In  the 
lemurs  generally  its  tendons  blend  with  those  of  its  fellow  {flex, 
dig.  com.  long,  tibialis)  ^^  to  form  the  perforating  tendons  to  the 
three  middle  toes.  Notice  has  been  taken  of  the  great  variability 
of  the  insertions  of  this  muscle.  Pagenstecher  saw  that  the  origin 
is  more  constant  in  its  position,  and  consequently  the  only  true 
character  by  which  this  muscle  and  its  neighbor  can  be  determined. 
Finding  that  one  always  arises  chiefly  from  the  tibia  and  the  other 
from  the  fibula,  he  proposes  the  new  and  better  names  adopted 
here. 

B. arising  from  the  crural  bones. 

a.— inserting  on  the  tarso-metatarsus. 

SoLEUS  (see  gastroclinemius)  comes  from  the  posterior  aspect  of 
the  head  of  the  fibula  by  a  narrow,  stout  tendon.  It  gradually 
grows  fieshy  and  large  for  two-thirds  of  its  length.  Having 
attained  its  maximum  diameter,  it  grows  a  little  narrower,  but  con- 
tinues quite  large  and  fleshy  to  its  insertion.  By  this  peculiarity 
of  form  it  is  like  man's  soleus  inverted,  and  does  much  to  change 
the  form  of  the  leg.  It  has  the  same  attachments  in  most  all  the 
apes.  The  tendo  Achillis  of  Hylobates  leuciscus  is  similar  to  that 
of  man.  It  exceptionally  arises  along  the  greater  part  of  the 
fibula  in  Loris  gracilis. 

« 

Tibialis  posticus  {extensor  tarsi  tibialis)  comes  from  the  septa 
between  the  tibia  and  fibula  and  from  the  adjacent  surfaces  of 
these  bones.  It  becomes  tendinous  where  it  passes  behind  the 
inner  molleolus  with  flexor  digitorum  communis  longus  fibularis. 
This  strong,  round  tendon  attaches  on  the  tuberosity  of  the 
scaphoid,  and  on  the  internal  surface  of  the  internal  cuneiform 
bones,  as  in  the  Chimpanzee,  without  developing  a  sesamoid.    In 
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the  lemaroids  it  no  longer  deserves  its  name,  tibialis^  since  its 
origin  is  from  the  tibial  surface  of  the  fibula  almost  to  its  summit. 
In  Oalago  it  goes  only  to  naviculus,  but  also  to  ento-cuneiformis  in 
the  other  Lemuroidea. 

Tibialis  anticus  (flexor  tarsi  tibialis)  arises  from  the  anterior 
and  external  surfaces  of  the  proximal  fourth  of  the  tibia,  from  the 
fascia  and  intermuscular  septa.  It  continues  thick  and  fleshy  to 
the  annular  ligament.  Passing  through  the  inner  loop  it  attaches 
inferiorly  on  the  internal  cuneiform  bone  and  the  base  of  the 
metatarsal  of  the  great  toe.  From  these  two  attachments  in  the 
Chimpanzee  it  was  divided  into  two  parts  as  high  as  the  middle  of 
the  leg,  and  this  division  in  the  Orang  continues  to  its  origin, 
forming  a  distinct  muscle  of  the  part,  which  acts  on  the  metatarsal 
of  the  great  toe.  This  double  form  attains  to  a  greater  or  less 
extent  in  man  and  the  higher  apes,  but  it  is  single  in  Hylobates  lettcis- 
cus  where  it  attaches  on  the  ento-cuneiformis.  The  single  form  is 
most  common  in  the  Lemuroidea,  it  being  double  to  act  also  on  the 
first  metatarsal  only  in  Lemur  varm5,  L,  xanthomystax^  L.  nigri- 
frons  and  Cheircnnys^  while  its  origin  is  extended  over  the  upper 
two-thirds  of  the  peroneal  face  of  the  tibia. 

Extensor  metatarsorum  fibularis  {peronet).  The  so-called 
peronei  have  a  common  origin  in  the  Orang,  .from  the  upper  two- 
thirds  of  the  postero-external  surface  of  the  fibula  and  from  the 
intermuscular  septa,  but  they  soon  divide  and  continue  like  those 
of  man  and  the  Chimpanzee,  except  that  no  sessamoid  bone  is 
developed  on  the  tendon  of  the  longus  portion.  A  new  name  is 
here  used  since  the  peronei  of  man  appear  to  be  only  remnants  of 
this  extensor  metatarsorum  as  seen  in  the  lemuroids,  where  it  is  a 
morphological  integer,  whose  parts  go  to  the  various  toe^  and  have 
been  c&Wed  peronetis  quinti  digiti^p,  parvus^  p,  quarti  digiti^p.  tertiuSy 
p,  brevis  and  p.  longus.  Besides  the  ordinary  longus  and  brevis 
portions,  a  third  part,  p.  tertiuSy  is  often  found,  and  acts  on  the 
fourth  and  fifth  toes  by  inserting  on  their  extensor  tendons. 
Owen  did  not  find  it  in  the  Orang,  but  in  mine  it  is  a  very  im- 
portant muscle.  Below  the  annular  ligament  it  gives  off  a  small 
factor  to  unite  with  the  extensor  tendon  to  the  fourth  toe,  while 
its  main  part  continues  onward  to  blend  with  the  extensor  of  the 
fifth  toe.    Bischoff  (1)  says  he  could  not  find  p,  tertius  in  any  of 
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the  apes,  while  he  describes  it  in  the  Chimpanzee  as  a  new  muscle, 
a  third  tibicUia  anticuSj  '^  welcher  im  Anfang  gemelnschafblich  mit 
dem  extensor  digitoram  longus  entspringt,  sich  aber  bald  von  ihm 
trennt,  und  an  der  Fussbeuge  in  zwei  feine  Sehnen  ijbergeht," 
etc.  Wyman  found  it  in  Mycetes^  and  Meckel  described  it  in  the 
lemurs,  while  it  exists  generally  in  the  Lemuroidea,  where  the  two 
halves  are  separated  up  very  high  so  that  Mivart  and  Murie  have 
described  them  as  two  muscles,  peroneus  quarti  digiti  and  p,  quinti 
digitL  Burmeister  names  them  extensor  longus  quarti  digiti  and 
eoBtensor  longus  quinti  digiti.  Failing  to  see  that  these  two  fasiculi 
with  new  names  and  those  of  p.  tertiuSy  are  morphologically  the 
same,  Murie  and  Mivart  failed  to  see  that  they  were  homologous, 
and  wrongly  say  that  peroneus  tertius  does  not  exist  in  the  Lemur- 
oidea, evidently  thinking  that  it  has  no  representative  there. 

The  longus  and  brevis  portions  attach  on  the  two  external 
metacarpals,  the  latter  having  two  tendons.  The  other  factors 
were  probably  extensors  of  the  two  median  metacarpals,  but  have 
been  transferred  from  their  primitive  insertions  to  inseit  on  the 
tendons  of  the  extensor  digitorum,  by  means  of  which  their  action 
is  extended  to  the  toes.  The  portion  usually  going  to  the  fourth 
toe  does  not  exist  in  Ocdago,  This  and  that  to  the  fifth  also,  is 
absent  from  Loris  gracilis.  Bischoflf  speaks  of  that  part  to  the  fifth 
toe  as  peroneiLS  parvus^  and  found  it  in  Hapale  peniciUata  only  as 
a  branch  from  p.  longus^  but  it  was  distinct  in  Macacus  cynomolgus^ 
Cercopithecus  ^a&ceud,  Pithecia  hirsuta  and  Cynocephalus  maimon. 
In  most  of  the  lemuroids  the  origin  is  not  only  from  the  fibula, 
but  also,  in  most  cases,  it  arises  on  a  small  portion  of  the  upper 
part  of  the  tibia. 

b.— insertlDg  on  the  toes. 

ExTENSOB  DiarroBUM  LONOus  is  not  essentially  peculiar  in  this, 
though  in  Owen's  Orang  there  was  no  tendon  to  the  second  toe. 
In  the  lemuroids  it  acts  on  the  four  peroneal  digits,  joining  with 
the  tendons  of  ext.  brevis  to  the  second  and  third,  while  that  to 
the  fifth  is  acted  on  by  a  tendon  of  extevKSor  metatarsorum  fibvlaris. 
Its  origin  is  from  the  head  of  the  tibia  and  the  inner  side  of  the 
fibula.  In  Nydicebus  tardigradusy  Cheiromys  and  JLoris  gracilis^  two 
parts  of  the  origin  are  found  separated  by  an  interval  so  that  it 
appears  to  have  a  double  head.  In  Lemur  xanthomystax  and  some* 
times  in  L.  catta  a  small  anterior  fasiculus  is  given  ofif  to  act  on  the 
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second,  third  and  fonrth  digits,  that  to  the  fifth  uniting  with  the 
other  extensor  tcndonvto  the  same.  In  L.  varius  it  also  exists  and 
sends  tendons  to  the  third,  fourth  and  fifth  digits.  Does  this  repre- 
sent in  the  foot  the  extensor  digitorum  communis  prof  undus  (the  so- 
called  extevisor  indicis proprius)  of  the  arm? 

Extensor  proprius  halluos  arises  just  beneath  eaA.  dig.  long.^ 
generally  with  no  peculiarities. 

Flexor  digitorum  cohvunis  longus  tibialis  (Jlexor  longus 
digitorum)^  has  its  origin  from  the  proximal  two-thirds  of  the  pos- 
terior  surface  of  the  tibia,  and  from  the  intermuscular  septa  be- 
tween  it  and  tibialis  posticus.  It  is  fleshy  to  where  it  passes  behind 
the  internal  malleolus  with  tibialis  postictis.  It  then  divides  into 
three  factors  to  insert  on  the  last  phalanges  of  the  first,  second 
and  fourth  toes.  The  second  of  these  is  perforated  by  flex.  dig. 
torn,  long,  flbularis  (flex,  long,  hallucis)^  while  the  last  mentioned 
perforates  flex,  dig,  brevis.  In  the  Chimpanzee  it  has  but  two 
tendons,  to  the  second  and  fifth  toes.  With  this  muscle  also,  as 
with  flex.  long.  haUucis^  Pagenstecher  saw  that  the  relative  position 
of  the  origin  was  the  only  constant  character.  From  this  he  gave 
the  appropriate  name  adopted  here.  In  Nycticebus  and  Loris  gra- 
cilis, a  small  part  of  its  origin  is  from  the  femur,  and  its  factors  to 
all  the  toes  are  blended  with  the  corresponding  ones  of  flex,  dig, 
com.  long,  flbularis  to  form  the  perforating  tendons.  The  latter 
muscle  does  not  assist  to  the  little  finger  in  the  lemuroids. 

C— arffffnjp/row  the  tarso-nietatarsus, 
a. — inserting  into  the  toes. 

Extensor  digftorum  breyis  {et  extensor  brevis  Jiallucis)  arises 
by  tlireo  fasiculi  and  sends  tendons  to  all  the  toes.  One  part, 
from  beneath  the  heads  of  the  tibia  and  fibula,  acts  on  the  middle 
toes.  The  others,  two,  arise  lower  down  and  go  to  the  first  and 
fifth  toes.  The  fasiculus  inserting  on  the  seeond  phalanx  of  the 
first  toe,  has  generally  been  called  extensor  hallHois  brevis^  but  it 
is  no  more  distinct  nor  important  than  that  to  the  fifth,  as  may 
easily  be  seen  in  many  of  the  lower  forms.  The  extensor  to  the 
fifth  toe  is  not  very  common  in  the  apes,  but  Bischoff  is  certainly 
mistaken  when  he  says  that  it  does  not  exist  at  all  in  the  Quadra- 
mana.    Sxt,  dig,  brevis  of  the  lemuroids,  often  has  very  import* 
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ant  variatfons  in  the  same  species.  It  arises  from  the  superior 
face  of  the  cuboid,  entocuneiform,  navicular,  and  the  anterior  part 
of  OS  calcis.  It  may  consist  of  two,  three,  four  or  five  portions. 
All  its  fasiculi  are  present  in  Nycticebua  tardigradtis^  where  it  has 
five.  That  arising  from  the  outer  faces  of  astragalus  and  the  cal- 
caneum  and  inserting  on  hallux,  is  undoubtedly  the  morphological 
representative  of  that  which  is  more  widely  differentiated  off  and 
called  ext.  hrevia  hallucis  in  some  higher  forms.  Its  second  belly 
has  a  similar  origin  but  goes  to  the  peroneal  side  of  the  fourth 
digit.  The  other  three  arise  together  and  go  to  the  second,  fourth 
and  fifth  toes.  Thus  by  irregularity  of  the  insertion  the  third  toe 
receives  none.  In  Lemur ^  Galago  Allenii  and  G.  crassicaudattiSy  it 
sends  tendons  to  the  three  middle  toes,  sometimes  to  hallux  and 
often  to  the  little  finger.  It  has  three  parts  in  Tarsitia;  to  the 
first  {ext.  brev,  haUucis)^  second  and  third  (ext.  digiti  tertii^ 
Burmeister)  toes.  Only  two  slips  attain  in  G.  Gametii  and  Pero- 
dicticus^  those  from  os  calcis ;  one  delicate  and  inserting  on  the 
tendon  of  extensor  longua  digitorum  to  the  second  toe ;  the  other, 
strong,  the  extensor  of  hallux.  Hallux  and  quintus  receive  no 
tendons  from  it  in  CJieiromya, 

Flexob  brevis  DiorroBUM  pedis  {flexores  breves  digiti  tertii^ 
quarti  et  quinti^  flexor  brevis  digiti  secundi  et  flexor  brevis  JidlltLci$ 
superfiddliSj  Burmeister),  arises  similar  to  that  in  man,  forming 
fasiculi  with  tendons  to  attach  on  the  second  phalanges  of  all  ex- 
cept the  second  toe.  The  fasiculus  to  the  first,  has  a  distinct 
origin  under  that  of  the  others.  The  tendon  to  the  third  is 
pierced  by  a  factor  of  flex,  dig.  com.  long,  flbidaris  (flex.  long, 
hallucis)  to  the  same  dactyl,  while  that  to  the  fourth  is  perforated 
by  a  factor  of  flexor  longus  digitorum.  In  man  there  is  a  tendon  to 
the  second,  but  none  to  the  first  toe,  and  all  are  perforated  by  the 
corresponding  parts  of  flex.  long,  digitorum.  In  Owen's  Orang  a 
small  tendon  went  to  the  second  toe.  In  the  Gorilla,  Cynocephalua^ 
Pithecia  and  Chimpanzee  it  has  only  two  fasiculi,  those  to  the  sec- 
ond and  third  toes ;  while  in  HylobaJtes^  Cercopithecus  and  Macacua^ 
it  has  only  one  tendon,  that  to  the  second  toe,  and  in  Hapalcy  that 
to  the  fifth.  In  Lemur  catta  one  of  these  fasiculi  comes  from  the 
flexor  tendon  forming  half  of  the  perforated  tendon  to  the  third  digit 
and  the  whole  of  those  to  the  fourth  and  fifth.  The  same  is  true 
of  L.  variua^  Cheiromya^  Taraiua  and  Galago  Allenii^  except  that 
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it  ibrnishes  the  whole  of  the  tendon  to  the  third.  In  Nydicelms  it 
acts  only  on  the  fourth  and  fifth  toes.  The  other  fasiculas  goes 
firom  the  plantar  fascia  and  attaches  by  a  perforated  tendon  on  the 
second  toe,  also  forming  one-half  of  ^hat  to  the  third,  in  L.  catta. 
It  acts  only  on  the  second  toe  of  L.  variuSj  bat  goes  also  to  the 
hallux  in  (?.  AUenii  and  Tarsiiis. 

Abductob  Diorri  Mnam,  opponbns  digiti  uikimi  and  abdugtob 
ossis  ifBTACABPi  DioiTi  QuiNTi  of  the  Orsug,  do  not  differ  essen- 
tially from  those  of  the  hand,  (^ppanena  being  absent.  The  first 
of  these  is  very  large  in  the  Lemuroidea,  and  arises  from  the  under 
surface  of  os  calcis,  while  the  last  {abd.  os.  m,  d.  q.)  is  diminutive, 
arising  from  the  peroneal  side  of  os  calcis.  In  L*  nigrifrans  it  is 
partly  fused  with  the  abductor. 

Flexob  breyis,  abductor  and  adductor  hallucis  of  the  higher 
apes,  are  not  essentially  different  from  those  of  man,  but  are  in- 
clined to  be  double.  Adductor  hallucis  and  transversua  pedis 
together,  are  represented  by  a  single  slip  from  the  third  metatarsal 
in  Lemur  catta.  In  the  other  lemurs  these  muscles  are  more  or 
less  separable  and  divisible. 

Luhbricalbs.  These  very  small,  round  muscles  arise  from  the 
tendons  of  both^ex.  dig.  com.  long,  tibialis  said  flex.  dig.  com.  long, 
flbularis^  to  insert  on  the  first  phalanges  of  all  the  dactyls  except 
the  first.  So  in  the  lemuroids,  except  NycticebuSj  which  has  none 
to  the  index. 

Interosssi  pedis.  All  the  higher  apes  have  two  extra  superfic- 
ial interossei  extemi.  These  often  attain  in  the  lower  apes.  In 
Tarsius  they  act  on  the  second  and  fourth,  and  in  L.  catta  on  the 
second  and  fifth  digits;  Galago  AUenii  has  three  pairs  of  deep 
interosseiy  while  the  other  lemuroids  have  a  pair  for  each  dactyl  ex- 
cept the  hallux.  Deep  in  the  planta  pedis  Bischoff  finds  the  small 
musculi  contrahentes  digitorum  in  all  the  higher  apes  except  the 
Orang  and  Gorilla. 

IfUSCLBS  TBLEOLOOICALLT  OT  TBB  AinrEBIOB  LDfBS. 

A."         arising  from  the  body. 

0.— insertlDg  on  the  shoulder-girdle. 

Trapezius,  by  its  origin,  overlaps  latissimus  dorsi  as  in  man, 
while  in  the  Chimpanzee  it  does  not,  the  two  being  continuous. 
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On  the  right  side  it  blends  with  levator  davicidi  at  its  insertion. 
Its  attachment  has  an  interval  near  the  proximal  end  of  the  scap- 
ular spine  of  the  right  side  and  two  intervals  near  t^  same  place 
on  the  left.  It  arises  from  the  spines  of  the  first  nm  dorsal  ver- 
tebrsd  and  the  ligamentum  nuchae,  to  the  middle  of  the  neck  in  L, 
catttty  and,  from  the  whole  of  the  lig.  nuchse  and  the  back  of  the 
skull  in  Cheiromys,  Its  origin  extends  back  to  the  eleventh  dorsal 
spine  in  Qalago^  to  the  twelfth  in  Tarsius^  to  the  fifth  in  J^^cti- 
cebtiSj  and  to  the  seventh  in  Chdromya.  In  Lemur  catta  it  inserts 
on  the  whole  anterior  margin  of  the  scapular  spine  to  the  extremity 
of  the  acromion  process,  and  to  nearly  half  of  its  posterior  margin. 

Shohboidei  form  a  single  muscle  in  the  apes  generally,  BischofT 
(1)  finds  the  rhomhoideus  capitis  in  the  Orang.  It  arises  from  the 
occiput  and  inserts  beneath  the  anterior  margin  of  rhomhoideus  in 
CynocepJialua  maim^on^  Cercopitheus  sabasusy  3£acacu8  cynomolgus^ 
Lemur  J  Nycticehus  and  Cheiromya,  Rhomboideua  proper  arises  from 
the  spinous  process  of  the  last  two  cervical  and  first  four  dorsal 
vertebrae  in  L,  catta^  from  the  third  cervical  to  the  fourth  dorsal  in 
Oalago  crassicaudatus^  from  the  fifth  cervical  to  the  fifth  dorsal  of 
Nycticebusy  from  the  whole  ligamentum  nuchae  and  to  the  second 
dorsal  in  Cheiromye.  In  Ckeiromys  there  is  no  limit  between 
rhomhoideue  and  UA.  dorsi, 

Serratus  haonus  (et  levator  anguli  scapulas).  The  magnus 
portion  of  this  muscle  comes  from  all  except  the  twelfth  rib.  The 
superior  portion  comes  from  the  last  cervical  vertebrae  and  is  sep- 
arated from  the  other  part  by  an  interval.  It  arises  from  the  first 
eight  ribs  in  L.  catta  ^  CJieiromys  and  O.  crassicaudatusy  from  ten 
ribs  in  Nycticebus^  from  eleven  in  PerodicticuSy  from  the  second  to 
the  ninth  in  Tarsius^  from  six  in  Q.  AUenii.  In  the  latter  species 
as  well  as  in  CynocephaluSy  3faimon,  Cercopithecus  saboeusy  Macacus 
cynomolgus  and  Hapale  penicillatay  it  is  inseparably  conjoined  with 
the  levator  anguli  scapulce,  and  is  probably  likewise  in  L.  varius. 
We  here  see  that  the  latter  muscle  is  but  a  part  of  serratus  differ^ 
entiated  off  in  the  anthropoids.  In  the  lemuroids  generally,  this 
cervical  serratus  (lev.  ang.  scap,)  is  a  continuous  part  of  serratus 
fnagnus  which  arises  from  all  the  cervical  vertebrae  of  X.  catta^ 
from  the  five  anterior  vertebrae  in  the  Potto,  and  from  the  six 
hindermost  cervical  vertebrae  of  Tarsitts.    In  the  Orang  it  is  dis- 
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tinct  and  diyisible  into  three  fasicuU  on  the  left  side,  and  into  two 
on  the  right.  Also  in  the  Gorilla,  Chimpanzee,  and  HylobcUea  leU" 
dscuSy  it  is  a  distinct  muscle  like  that  of  man.  It  goes  to  the 
outer  end  of^ie  clavicle  in  Nycticebus  and  LoriSj  to  more  than  the 
middle  third  of  the  spine  of  the  scapula  in  Gheiromys^  and  to  the 
metacromion  process  of  the  scapular  spine  in  Lemur. 

OMO-<;ERyiCALis  (JevaJtoT  daviculcB^  ctexdo-cerviccLlis^  acromion 
eermccUiSj  levator  anticus  scapulce)  is  not  found  in  man,  but  here 
and  in  the  Chimpanzee  it  is  quite  strong.  I  find  it  slightly  blended 
with  trapezius  on  the  right  side.  It  always  arises  from  the  trans- 
verse process  of  atlas,  but  with  the  following  insertions ;  on  the 
acromial  end  of  the  clavicle  in  the  Gorilla,  Orang,  Chimpanzee, 
Hylobates  leuciscus^  Loris  gracUiSj  and  Nycticebus  tardigradus;  on 
the  metacromion  process  of  Macacus  cynomolgus;  on  the  large 
process  of  the  scapular  spine  in  Lemur;  on  more  than  the  middle 
third  of  the  scapular  spine  in  Cheiromys, 

b. — insertlDg  on  the  hamems. 

Pectoralis  (major  et  minor)  forms  one  morphological  integer, 
which  is  often  divided  into  two  or  more  parts.  The  {pectoralis) 
minor  portion  is  generally  treated  as  a  distinct  muscle.  In  Oalago 
AUenii  only  one  large  pectoralis  muscle  exists.  In  Loris  gracilis  a 
(pectoralis)  minor  portion  is  partly  differentiated  off,  while  a  third 
or  inferior  part  also  exists.  The  minor  portion  is  large  and  in- 
serts on  the  capsular  ligament  of  the  humerus  in  L.  ccUta  and 
G.  crassicaudatus^  on  the  outer  edge  of  the  bicipital  groove  in 
Tarsius^  on  the  great  tubercle  of  the  humerus  in  Perodicticus^ 
CJieiromys  and  Loris  gracilis^  on  the  processus  coracoideus  in  the 
Orang,  Gorilla,  and  Hylobates  leuciscus^  on  both  the  coracoid  proc- 
ess and  the  ligamentum  coracoacromiale  in  CfynocepJialus  maimon^ 
Cercopthecus  sabceuSy  Macacus  cynomolgus  and  Hapale  penicillata^ 
on  both  the  coracoid  process  and  the  head  or  capsule  of  the  humerus 
in  Pithecia  hirsula  and  Troglodytes  niger.  The  major  portion  di- 
vides again  into  three  parts  in  L.  catta;  a  clavicular  part,  from  the 
eterno-clavicular  junction  and  the  innermost  fourth  of  the  clavicle, 
inserting  on  the  ulnar  side  of  the  deltoid  ridge;  the  sternal 
portion,  the  longest,  arising  from  the  sternum  and  sternal  ends  of 
the  cartilages  of  the  sixth,  seventh  and  eighth  ribs,  attaching  on 
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the  margin  of  the  hicipital  groove  in  juxtaposition  to  the  clavic- 
ular portion;  the  abdominal  part  comes  from  the  sheath  of  the 
rectus  forwards  to  the  origin  of  the  second  part  and  backwards  to 
the  cartilage  of  the  tenth  rib,  and  inserts  in  close  union  with  the 
second  part.  In  Oalago  the  anterior  and  posterior  parts  are  very 
delicate  or  absent.  The  clavicular  part  does  not  exist  in  Nycticehua 
and  L.  varius^  while  the  posterior  part  does  not  appear  in  Loria 
gracilis.  The  posterior  part  in  Tarsius  is  present  but  not  separable. 
The  {pectoralis)  major  part  inserts  by  three  tendons  in  the  Orang. 
Of  these  the  anterior  one  is  nearly  as  broad  as  the  other  two 
together. 

Latissimus  dorsi  inserts  by  two  very  strong  tendons.  The 
inferior  of  these  blends  with  teres  major  in  a  common  inserting 
tendon.  The  superior  insertion,  which  exists  in  the  other  apes 
and  man,  is  not  peculiar  except  that  its  auxilliary,  the  so-called 
dorso-epitrochlearis  (q.  v.)  assumes  an  unusual  importance  by  its 
size.  The  latissimus  of  L,  catta  and  Tarsius  comes  from  the  lumbar 
fascia  and  spines  forwards  to  the  sixth,  from  the  ten  hindmost 
dorsal  vertebrae  in  the  Potto,  from  the  last  five  ribs  and  the 
common  tendon  of  erector  spinoe  in  Clieiromys.  In  tj^is  last  animal 
it  is  indistinguishably  united  with  rJiomboideus.  It  sometimes 
sends  slips  to  the  pectoralis, 

Deltoideus  is  poweiful,  tendinous  and  fleshy  to  the  insertion. 
It  arises  from  the  outer  half  of  the  clavicle,  from  the  acromion 
process,  from  the  whole  crest  of  the  spine  of  the  scapula,  and  (by 
fascia)  from  the  proximal  border  of  that  bone.  It  is  inserted  over 
the  second  quarter  of  the  outer  surface  of  the  humerus.  In  the 
Chimpanzee  there  is  an  additional  infraspinatus  portion  of  this 
muscle  arising  from  the  fascia  of  the  infraspinatus  muscle  and  from 
the  lower  third  of  the  anterior  border  of  the  scapula.  It  is  a  close 
morphological  relative  of  the  spinati  and  ^eres  muscles ;  the  latter 
are  probably  its  oflfspring.  With  Cheiromys  and  the  lemurs  three 
portions  of  the  origin  exist ;  one  from  only  the  acromion  process 
inserts  with  another,  which  arises  posteriorly,  from  the  scapular 
spine.  The  third  part  goes  from  the  middle  third  of  the  clavicle 
to  between  the  insertions  of  the  former  part,  and  that  of  pectoralis 
major.  In  that  of  Oalago  Allenii^  Loris  and  Nycticebus,  no  distinct 
lines  of  separation  exist.    Two  portions,  partly  united,  are  found 
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in  G.  pelt.    The  insertions  of  the  parts  are  generally  distinct  though 
near  together. 

Teres  major  and  minor  are  generally  not  peculiar  in  the  apes, 
but  the  latter  is  closely  connected  with  infra'-spinatua  in  Cheiromys^ 
and  arises  partly  from  its  dorsum  in  O.  Allenii^  while  its  insertion 
blends  with  the  distal  one  of  latissimus  dorsi  in  the  Orang. 

SupRA-spiNATus  AND  iNFRAHSPiNATUS  have  no  esscntial  pecu- 
liarities. 

Cqraco-brachialis  in  the  Chimpanzee  arose  with  the  short 
head  of  biceps  and  its  tendon.  Its  insertion,  about  one-third  of 
the  way  down  the  humerus  was  not  more  than  half  an  inch  long. 
In  the  Orang  it  does  not  vary  much  from  that  of  man,  since  it 
arises  with  the  short  head  of  biceps,  from  the  coracoid  process, 
is  quite  stout  and  inserts  about  mid-way  of  the  humerus.  It  is 
likewise  in  the  Gorilla,  Hylobates  leudacia  and  HapcUe  peniciUata. 
With  Cercopithecua  aabceua  and  Macacua  cynomolguSy  a  superior 
portion  exists  inserting  on  the  spina  tuberculi  minoris.  Its  head 
is  double  in  the  lemuroids,  where  its  origin  is  generally  low.  The 
coracobracJiialia  and  bicepa  originate  from  a  sesamoid  bone  on  the 
coracoid  process. 

SuBSCAPULARis  in  Taraiua  and  Ckeiromya  is  slightly  divisible 
into  three  fasiculi. 

c. — inserting  on  the  cabitus. 

Biceps  brachii  is  in  no  way  peculiar,  though  in  the  Chimpanzee 
its  two  heads  are  distinct  to  within  an  inch  of  the  insertion,  and 
the  coracoid  head  is  the  larger. 

MuLTiGEPS  EXTENSOR  cuBiTi  ((pmdricepa  extenaor;  anconeua 
primus^  aecundua^  tertiua,  quartus,  quintua  and  aextua;  IcUiaaimO' 
condylua  or  dorao^pitrochlearia  et  tricepa).  The  tricepa  of  man 
and  the  higher  apes  becomes  a  quadriceps  by  its  internal  head 
dividing  off  an  extra  fasiculus  with  various  degrees  of  distinctness 
in  the  lemuroids.  This  division  is  very  indistinct  from  its  fellow 
in  Nycticehua^  while  in  Ckeiromya  and  Taraitca  it  is  quite  separate, 
and  an  important  interval  exists  between  them  in  Stenopa  (IS). 


B.      NATURAL  BISTORT.  137 

Further,  the  lemnroids  show  that  anconeus  is  but  a  continuation 
of  the  same  muscle,  making  a  quinticeps  of  it  except  in  Cheiromys^ 
where  it  is  quite  distinctly  differentiated  off.  Moreover,  it  is  most 
probable  that  latisstmchepitrochlearis  is  a  factor  from  the  same 
muscle.  This  latter  portion  {dorso-^pitrocTUeari^  or  latissimO'Con' 
dylus)  arises  from  the  tendon  of  latissimus  dorsi  as  in  the  other 
apes.  It  inserts  on  the  condylus  intemus  and  ligamentum  inter- 
musculare  in  the  Orang  and  Gorilla ;  into  the  condylus  intemus  in 
Troglodytes  niger^  Cynocephalus  maimon^  CercopUhecus  saboius^ 
Macacus  cynomolgus^  Pitheda  hirsuta  and  Hapale  peniciUata;  into 
the  lig.  intermusculare  to  the  middle  of  the  humerus  in  Hylohates 
levciscus;  on  the  internal  face  of  the  olecranon  process  of  the 
Lemuroidea,  except  in  L.  varitLS  where  it  attaches  to  the  shaft  of 
th6  ulna. 

In  the  two  last-mentioned  muscles  a  direct  transition  is  seen 
from  those  arising  on  the  shoulder  girdle  to  those  arising  from  the 
humerus. 

MUSCLES  FROFBRLT  OF  THE  ANTERIOR  LDIBS. . 

A.— — artoi»^/y'OOT  M«  humerus. 

a. — ^iosertlog  on  the  cabitas. 

Braghalis  anticus  and  pronator  RADn  TERES  are  in  the  Orang 
'  as  in  man,  but  those  of  the  Lemuroidea  are  very  large. 

Supinator  longus  arises  very  high  on  the  humerus  of  the  Orang. 
Its  insertion  is  into  the  styloid  process  in  OcUago  and  Lemur  va- 
rius;  more  proximal  in  L,  catta  and  Tarsius;  into  the  middle  of 
the  radius  in  Hylohates  leuciscus;  into  the  deep  palmar  fascia  and 
the  pisiform  bone  of  L.  xanthomystax  and  L*  nigrifrons. 

b.'insertiDg  on  the  carpo-metacarpns. 

PaLMARIS  longus,  EXTENSOR  CARPI  RADIALIS  LONGIOR,  EXTENSOR 
CARPI  RADIALIS  BREVIOR,   EXTENSOR  CARPI   ULNARIS,  FLEXOR   CARPI 

RADIALIS  and  FLEXOR  CARPI  ULNARIS  havc  DO  csscntial  peculiarities. 

B.        ■  arising  ftom  the  cabitas,  etc.  etc. 
Pronator  quadratus  is  not  essentially  peculiar. 

Supinator  radii  breyis  extends  f^om  the  proximal  third  of 
the  ulna  to  the  proximal  third  of  the  radius  nearly  at  right  angles 
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to  the  axes  of  these  bones,  and  is  qnite  strong.  Bisehoff  finds  it 
in  all  the  higher  apes  like  the  same  in  man ;  and  what  Pagenstecber 
describes  as  sup.  rod.  brevia  with  an  origin  from  the  lower  third 
of  the  linea  aspera  (angulus  intemus  s.  lateralis)  adjoining  brachr 
icUis  itUemua  and  inserting  on  the  tuberositas  ulnse,  is  only  a 
division  of  brachicUia  intem'us.  This  same  mistake  is  made  by 
Marie  and  Mivart  (9)  in  the  Lemoroidea. 

Flexob  sublimis  digitobum.  The  fasiculi  of  this  muscle  near 
their  origin  are  not  distinct  from  each  other.  Otherwise  it  is  like 
that  of  man.  In  the  Chimpanzee,  Wilder  finds  that  on  the  left 
side  it  agrees  with  this,  but  on  the  right,  it  sends  two  tendons  to 
the  ring-finger  and  the  little  finger  receives  none.  The  index 
finger  receives  no  tendon  in  Perodicticus  and  Nycticebus,  It  sends 
tendons  to  the  four  external  digits  of  all  the  other  monkeys,  and 
besides  these,  a  fifth,  which  in  SdpcUe  peniciUata  and  the  lemuroids 
joins  the  tendon  of  flexor  profundus. 

ExTENSOB  DiorroBUK  coMHUKis  {et  extensor  digiti  minimi  pro- 
prius).  The  part  of  this  muscle  which  is  usually  called  ex.  dig. 
com.^  in  the  Orang  has  tendons  to  the  four  fingers,  while  the  part 
usually  called  ex.  dig,  minimi  proprius^  sends  a  tendon  to  each  of 
the  phalanges  of  the  little  finger,  besides  giving  a  fourth  to  join 
that  of  the  ex.  dig.  com.  to  the  third  finger.  That  these  two 
muscles  together  form  one  morphological  integer,  is  seen  where 
they  arise  as  one  muscle — an  extensor  communis — from  the 
external  condyle  representing  also  the  ex.  dig.  m.  propriuSy  which 
is  not  at  all  differentiated  off  in  the  Potto,  Loris  gracilis^  Cheiromys^ 
Nycticebus  tardigraduSy  and  Oalago  crcLSsicaudatus.  In  O.  AUenii 
this  marginal  portion  is  partly  separable,  while  in  the  lemurs  it 
becomes  a  distinct  part — an  ex.  dig.  m.  proprius.  For  other 
reasons  this  can  no  longer  be  called  ex.  dig.  m.  proprius^  because 
it  generally  has  two  tendons  respectively  going  to  the  fourth  and 
fifth  fingers,  while  in  the  lemurs  one  or  the  other  of  these  parts 
often  fails,  so  that  it  is  sometimes  extensor  quarti  digiti^  although 
it  usually  acts  on  the  fifth  finger.  It  is  very  constant  as  an  ex- 
tensor of  the  little  finger  alone  in  Loris  gracilis  and  Nycticebus 
tardxgradus.  The  main  part  of  this  muscle  gives  off  four  tendons 
to  the  four  ulnar  digits  in  Lemur  varius^  Tarsius^  Loris  gracilis^  and 
Qalagoy  though  the  two  ulnar  tendons  sometimes  bifurcate.    That 
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of  Perodicticua  sends  two  tendons  to  the  fourth,  one  to  the  third 
and  one  to  the  fifth  finger.  In  Nyctkehus  it  has  five  tendons 
whereof  the  fourth  digit  gets  two.  It  is  divided  into  two  halves 
to  above  the  middle  of  the  forearm  of  Cheiromys;  of  these,  the 
radial  belly  gave  tendons  to  the  index,  third  and  fourth  digits ;  its 
ulnar  belly  sends  tendons  to  all  the  digits  except  pollex. 

Extensor  dioitoruu  profundus  (extensor  indicts  propnus  et 
extensor  poUicis  longus  proprius).  At  first  I  thought  extensor 
indicts  proprius  was  absent  from  the  Orang,  but  found  what 
seemed  to  be  a  new  muscle  to  which  I  gave  the  above  name  appro- 
priate to  its  situation  and  function ;  but  afterwards,  firom  its  rela- 
tiye  position  I  determined  it  to  be  the  homologue  of  extensor 
indicts  proprius^  although  it  is  a  flexor  digitorum  inserting  on  the 
three  middle  fingers  of  the  Orang.  It  has  a  narrow  origin  between 
*the  proximal  thirds  of  the  ulna  and  radius,  from  the  superior  fas- 
cia of  supirtator  brevis^  from  the  posterior  aspect  of  the  ulna  and 
fix>m  the  interosseous  membrane  on  the  ulnar  side.  It  divides 
into  three  fasicnli ;  the  upper  and  largest  fasiculus,  which  goes  to 
the^ring-finger,  being  distinct  almost  to  its  origin ;  while  the  other 
two,  separate  a  little  above  the  annular  ligament  where  they  be- 
come tendinous.  They  insert  on  the  bases  of  the  three  middle 
fingers,  each  by  a  broad  aponeurosis.  In  Pithecia  hirsuta  there 
exists  a  flexor  digitorum  communis  profundus  representing  both 
extensor  pollicis  longus  and  extensor  indicis  proprius^  acting  on  the 
thumb  and  first  three  fingers.  This  same  communis  form  attains 
also  in  Hapale  peniciUatay  but  the  thumb  receives  two  tendons  in- 
stead of  one.  The  portion  to  the  thumb  is  more  distinct  in  the 
higher  apes  where  it  is  generally  single  as  in  man.  The  indicial 
portion  is  like  that  of  man  in  the  Gorilla  alone.  In  Hylobates  leur 
ciscus  it  has  three  tendons  all  acting  on  the  medius  finger,  but  in 
all  the  other  higher  apes  it  has  two  tendons  acting  on  the  index 
as  well  as  medius.  In  the  lemuroids  we  see  again  that  this  muscle 
as  found  in  man  is  but  a  remnant  of  an  extensor  digitorum  com^ 
munis.  It  sometimes  acts  as  an  extensor  of  index  alone  in  Loris 
gracilis  and  the  lemurs,  but  their  third  finger  usually  receives  also 
a  tendon.  That  of  Galago  and  Tarsius  attaches  rather  constant  to 
both  the  second  and  third  digits.  Lemur  catta  has  it  as  an  extensor 
of  the  three  middle  fingers,  and  its  parts  are  only  separate  from 
the  wrist  onwards.    These  are  divisible  into  the  belly  of  the 
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muscle  in  Cheiromysj  where  it  is  still  more  complex  since  the  indl* 
cial  part  is  very  delicate,  bat  sends  an  additional  factor  to  medius^ 
while  the  middle  one  is  the  largest  and  gives  off  an  extra  slip  to 
assist  that  to  the  fourth.  It  goes  either  to  the  second  and  fourth 
or  to  the  second  and  fifth  digits  in  Nydicdnis  and  PiBrodicticua. 
From  these  complex  and  various  insertions  it  is  plainly  seen  that 
we  can  no  longer  speak  of  extensor  poUicis  IxmguB  propriua  and  e»- 
tensor  indicts  proprius^  as  distinct  muscles,  but  rather  as  more  or 
less  differentiated  parts  of  an  extensor  digitorum  communis  pro* 
fiindus.  The  most  important  part  of  it  often  goes  to  the  median* 
finger  as  in  Cheiromys  and  Lemur  xantJiomystax,  In  the  latter  this 
is  as  distinct  as  a  separate  muscle,  and  is  the  hoipologue  of  the 
radial  extensor  of  the  third  finger  sometimes  found  in  man  as  ex- 
tensor medii  digiti. 

Flexor  DiarroRUH  oohxukis  profundus  (et  flexor  poUicis  Umgus^ 
proprius).  That  flexor  poUids  longus  of  man  is  only  a  differential 
part  of  flexor  digitorum  com.  profundus^  is  plainly  seen,  although 
Bischoff  says  that  it  does  not  exist  at  all  in  the  apes,  while  at  the 
same  time  he  describes  it  as  a  minor  part  of  flexor  digitorum  com* 
munis  pi^ofundus^  failing  to  see  its  homological  value.  Mivart, 
Murio,  and  others,  are  equally  mistaken  in  describing  the  major 
part  of  flexor  dig.  com.  L  profundus  as  ^q  flexor  poUicis  longus 
proprius.  It  is  said  not  to  exist  in  the  Orang  because  the  thumb 
receives  no  tendon,  and  it  is  not  distinguished  from  the^o;.  dig. 
e.  I.  profundus.  In  the  Gorilla  it  goes  to  the  two  first  digits,  that 
to  the  thumb  being  the  weaker,  while  the  ./feasor  dig.  c.  I.  p.  acts 
on  the  other  three  fingers.  In  the  Chimpanzee  /.  d.  c.  I.  p.  has  its 
belly  divisible  into  three  portions ;  of  these  the  radial  one  repre- 
sents the  so-called  flex.  poll,  proprius  longus  and  sends  one  of  its 
tendons  to  the  thumb.  It  maintains  the  same  insertions  in  HyUy- 
hates  leuciscus^  but  is  not  in  the  least  separable  from  the^.  dig. 
com.  I.  profundus^  which  exists  here  with  one  large  entire  belly  in 
its  typical  form  fiexing  all  the  digits.  The  same  is  again  seen  in 
Hapale  penicillata.  In  all  the  other  apes  it  exists  as  one  large 
flexor  communis^  usually  having  a  single  tendon  at  the  wrist  which 
sends  the  deep  flexor  tendons  to  all  the  fingers  and  the  thumb 
also,  except  in  Perodicticus  where  the  index  receives  none.  The 
proximal  part  of  the  belly  however,  is  often  more  or  less  divided ; 
two  main  parts,  one  radial  and  the  other  ulnar  are  most  common. 
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Of  these  the  pollical  half  is  generally  the  largest  in  the  lemnroids. 
Minor  paii;ial  divisions  often  exist  also,  so  that  there  are  four  parts 
of  the  original  belly  in  the  galagos  and  Macacus  cynomolgus. 

Oppokens  Kmnn  Diom  seems  to  be  absent  from  the  Orang, 
but  the  other  muscles  of  the  little  finger  do  not  differ  particularly 
from  those  of  man.    The  opponens  is  distinct  in  the  lemuroids. 

ExTEKsoiK  ossis  MBTACARPi  pOLLicis  of  the  Orang,  is  smaller 
than  the  extensor  pollicis  proprius,  but  is  quite  large  in  the 
Chimpanzee.  The  other  muscles  of  the  thumb  not  already  men- 
tioned in  the  Orang  are  like  the  same  in  man.  Flexor  brevis 
POLLICIS  is  generally  not  altogether  distinct  from  the  abductor 
pollicis  in  the  lemuroids,  where  this  latter  muscle  arises  from  the 
annular  ligament  and  a  sesamoid  bone  in  front  of  the  trapezius. 
Abd,  pollicis  has  a  double  insertion  in  HylohcUeSj  Cercopithecus  and 
Macacus,  while  a  tendency  to  division  is  noticed  in  some  other 
species.  The  Lemuroidea  have  a  large  adductor  pollicis  arising 
from  the  whole  length  of  the  third  metacarpal  and  the  base  of  the 
second  and  the  palmar  fascia.  In  Tarsius  and  Lemur  xarUhomys* 
tax,  it  is  more  or  less  divisible  into  two  parts,  while  a  distal  fasi- 
culus  of  it  represents  a  traksversus  manus,  of  which  the  adductor 
pollicis  would  seem  to  be  a  differentiated  part.  This  homotype  of 
transversus  pedis  is  strikingly  distinct  in  the  Aye-aye.  This 
adductor  (transversus)  is  likewise  united  with  ad.  obliquus  in  the 
higher  apes,  except  in  the  Chimpanzee,  Cynocephalus,  Pithecia  hir* 
suta  and  Hapale  penicillata.  The  lumbricales  manus  do  not  differ 
from  those  of  man.  Only  three  exist  in  GaJago  AUenii,  Cheiromys 
and  PerodicticuSj  but  the  other  lemuroids  have  four. 

Interossei  makus.  The  dorsals  were  very  small  while  those  of 
the  palm  were  largely  developed  in  the  Orang.  In  the  Lemuroidea 
each  digit  except  pollex  has  a  pair  of  interossei  (flexores  breves),  ab- 
ductor MINIMI  DiGiTi  being  one.  These  are  more  or  less  divisible 
into  internal  and  external  (palmar  and  dorsal)  layers.  Flexor 
DIGITI  MINIMI  is  not  distiuct  from  the  abductor  except  in  Lemur 
varius  and  L,  xanthomystax.  In  Oalago,  Cheiromys  and  Tarsius^ 
two  superficial  interosseal  slips  exist.  Deep  in  the  vola  manus  as 
well  as  in  the  planta  pedis,  Bischoff  finds  small  musculi  contra- 
HENTss  in  all  the  higher  apes  except  the  Orang  and  Gorilla. 
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Fig.  1.    A,  Entoglutjbus. 

B,  Pyriformis. 

C,  MnSOOLUTiEUS. 

D,  D,  Obturatorbs. 

£,  E,  QUADIUTUS  FKM0RI8. 

Fig.  2.     A,  CiRCUMDUCTOR  SUPERIOR. 
B,  CiRCUMDUCTOR  INFERIOR. 

C,  Adductor  brevis. 

D,  Adductor  lonous.    • 
£— F,  Adductor  magnus. 

Q— I,  Fectineub  (Origin  and  inflertion). 
K,  Qracilis. 
L|  Ilium. 
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Observatioks  on  the  Development  of  Dxdelfhts  Yiroiniana* 
By  W.  S.  Barnard,  of  Canton,  111. 

(AB8TBA0T.) 

Diddphys  Virginianay  the  Opossum,  is  our  typical  and  only 
representative  of  that  large  order  of  peculiar  mammals  known  as 
Marsupials,  yet  almost  nothing  is  known  of  Its  development.  A 
knowledge  of  the  mode  of  origin  and  formation  of  the  marsupial 
pouch  which  characterizes  them  must  throw  much  light  on  their 
relationship  to  allied  ^oups.  The  external  skin  extends  into  the 
pouch  as  its  internal  lining,  and  the  whole  seems  to  be  formed  by 
an  infolding  of  the  skin.  Its  cavity  opens  on  the  median  line 
of  the  abdomen,  and  extends  backward  and  laterally,  forming  a 
kind  of  double  pocket,  in  the  bottom  of  which  the  milk  glands 
open  through  long  papillae.  The  young  develop  in  twenty-four  to 
twenty-eight  days,  are  then  born  as  helpless  little  bodies  about 
one-half  an  inch  long,  with  mouth  and  fore  limbs  well  developed. 
The  parent  must  place  them  in  the  pouch,  attaching  each  to  a 
gland,  which  the  embryo  grasps  firmly  between  its  lips  and  helps 
hold  fast  by  the  sharp  claws  of  its  fore  feet.  The  comers  of  the 
mouth  gradually  grow  up  so  that  it  cannot  let  go,  and  thus  hangs 
for  several  weeks  until  its  adult  characteristics  are  acquired. 

Below  the  Marsupials  stand  the  Monotremes,  including  the 
remarkable  Australian  Ornithorhynchus  and  Echidna.  In  the 
former  the  openings  of  the  milk  glandb  upon  two  areas  of  the 
abdomen  are  not  marked  by  any  elevation  or  depression ;  but  in 
the  Echidna  we  find  similar  glands,  the  openings  of  which  become 
depressed  at  maturity,  each  forming  a  small  pit,  into  which  the 
nose  of  the  young  is  inserted  and  attached,  where  it  remains 
pendant  and  nourished  while  its  development  advances.  This 
pair  of  little  pits  may  be  regarded  as  the  beginning  of  the  double 
pocket  so  largely  developed  in  marsupials.  At  the  same  time 
these  depressions  are  just  the  opposite  of  what  obtain  in  the 
higher  mammalia,  where  the  gland  opening  is  marked  by  larger 
or  smaller  abdominal  or  pectoral  prominences.  The  milk  glands 
of  the  Ornithorhynchus  are  typical,  while  the  depressed  glands 
of  the  Echidna  and  the  elevated  glands  of  higher  mammalia 
may  be  regarded  as  differentiations  of  the  same.  The  young 
Opossum  <fevelops  no  placenta,  but  has  a  kind  of  umbilicus.  The 
cicatrix  of  this  seen  by  Owen  in  the  embryo  kangaroo  wrongly  led 
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to  the  Bupposltion  that  a  placenta  might  have  been  detached.  At 
birth  its  hind  limbs  appear  as  short  stamps,  each  with  a  flattened 
end,  presenting  five  slight  marginal  elevations,  the  beginnings  of 
the  toes.  The  toes  and  legs  gradually  elongate.  Soon  each  of 
the  two  middle  toes  gets  a  joint,  and  the  inner  toe  becomes  set  off 
from  the  rest.  Later  all  the  fingers  show  two  joints,  and  the  inner 
toe  becomes  a  thumb  with  two  joints  while  each  finger  has  three 
joints ;  and  now  the  hind  foot  closely  resembles  the  hand  of  man 
and  the  higher  quadrumana,  while  its  fore  feet,  developed  much 
earlier,  remain  quite  animal-like.  The  hind  limbs  are  primarily 
much  shorter  than  those  in  fVont,  but  develop  so  fast  as  soon  to 
catch  np  and  outgrow  the  others.  The  same  is  true  of  the  young 
kangaroo,  where  the  hind  limbs  eventually  become  several  times 
larger  and  longer  than  those  in  front.  At  first  the  eyes  are  cov- 
ered beneath  the  skin  and  the  ears  represented  by  small  elevations, 
while  the  lips  have  a  remarkable  development  and  peculiar  cover* 
ing,  which  reminds  us  of  the  first  embryonic  ti*ace  of  the  duck-like 
bill  of  Omithorhjmchus.  The  tongue  has  a  peculiar  papillated 
groove  in  its  upper  surface,  and  three  lai^e  papillse  on  its  base. 
The  larynx  and  epiglottis  project  so  high  into  the  broad  pharynx 
that  the  milk  swallowed  has  to  go  in  two  streams  around  it,  one 
on  either  side.  A  very  large  thymus  gland,  having  three  lobes, 
lies  above  the  heart.  Onlv  a  rudiment  of  this  exists  in  the  adult. 
The  cerebral  lobes  of  the  brain  are  smaller,  and  the  optic  lobes 
larger  than  in  the  full-grown  animal.  When  first  born,  male  and 
female  are  not  distinguishable  either  from  external  or  internal 
appearances.  Later  the  marsupium  begins  to  appear,  first  as  a 
cluster  of  very  low  papillse  on  the  abdomen,  surrounded  by  a  very 
low  ridge.  This  ridge  rises  higher  and  the  depression  extends 
itself  deeper  and  more  laterally,  while  the  ridge  becomes  a  fold  of 
skin  growing  inwards  toward  the  median  line,  until  only  a  narrow 
median  opening  is  left.  Curiously  the  young  male  at  first  has  as 
good  a  marsupium  as  the  female,  but  this  becomes  gradually  lost 
as  it  matures. 

This  essay  was  illustrated  by  chalk  sketches  and  some  alcoholic 
specimens  of  Ornithorhynchus,  Echidna,  and  Opossum  embryos. 
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Figs.  1, 1.    FroDl  >Dd  aide  views  of  ulerloa  OpoitDDU  (D.  FirgiHiana),  eaitigeA. 

Entire  leDglh  whflD  itraightened  out,  one-half  Inch. 
Flg.S.    A.joaiig^mnleOpoatam(D.  Vlrglnlatia),m>tanl  tia.   B,  mRTsapIum,  cU- 

toils,  *nd  TCntortbB  (ame,  enlarKCd.   C,  martuplain,  ecrotnm,  pesU,  sod  Teat  of  • 

Dule  of  the  ume  llller,  enlarged- 
Fig.  4.    Taang  Opoiaam-    Ntitoral  ■[■e. 
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Ok  Hibebmatiok  ab  exhibited  nr  the  Stbiped  6ofheb«    By 
P.  R.  Hot,  of  Baclne,  Wis. 

The  following  are  the  results  of  many  observations  and  experi- 
ments on  the  Striped  Gropher,  SpermopkUus  tridecemUneaUif  daring 
actiye  life  as  well  as  when  under  the  profound  stupor  of  hiber- 
nation. During  activity  the  Gopher's  pulse  is  200;  respiration 
50 ;  temperature  105. 

On  the  second  of  October,  having  procured  a  red  squirrel,  Sdtt- 
ru8  HudaonicuSy  and  a  gopher,  animals  of  nearly  equal  size,  the 
one  active  during  the  coldest  weather,  while  the  other  is  a  charac- 
teristic hibernator,  I  cut  out  a  part  of  the  gluteal  muscles  of  each, 
and  after  dividing  and  bruising,  so  as  thoroughly  to  break  up 
eyery  part,  I  took  fifty  grains  of  each  and  placed  in  a  test  tube, 
into  which  I  put  two  ounces  of  cold  water.  After  freely  agitating, 
the  mixture  was  left  to  digest  for  eight  hours,  at  the  expiration  of 
which  time  I  carefully  decanted  and  renewed  the  water,  agitated 
and  left  twelve  hours,  then  filtered  and  rolled  the  residuum  on 
blottmg  paper,  in  order. to  remove  all  excess  of  moisture.  When 
weighed  they  stood :  gopher  50-15,  squirrel  50-10.  These  experi- 
ments were  repeated  with  substantially  the  same  results.  Gluteal 
muscles  of  the  squirrel  contained  twenty  per  cent,  of  albumen, 
soluble  in  cold  water,  while  the  same  muscles  of  the  striped  gopher 
treated  in  like  manner,  at  the  same  time,  yielded  thirty  per  cent. 

As  it  is  well  known  that  the  flesh  of  reptiles  is  rich  in  albumen, 
I  procured  several  marsh  frogs  and  subjected  the  gluteal  muscles 
to  like  analysis,  which  resulted  in  forty  per  cent,  of  loss.  The 
following  wiU  convey  to  the  eye  these  results. 

Per  cent,  of  soluble  albumen — 

Frog,  40. 
Gopher,  30. 
Squirrel,  20. 

On  the  fifteenth  of  December,  the  gopher  being  thoroughly  tor- 
pid, temperature  of  the  room  forty-five,  gopher  rolled  up  like  a 
ball,  no  visible  evidence  of  life,  I  opened  the  abdomen  and  in- 
serted the  bulb  of  a  thermometer  which  indicated  58**.  I  next 
turned  back  the  sternum  in  such  a  manner  as  to  expose  the  heart 
and  lungs.    The  remarkably  congested  condition  of  these  organs 


B.      NATURAL  BISTORT.  149 

first  attracted  my  attention ;  in  fact,  it  wonld  appear  as  if  all  the 
blood  had  collected  within  the  thorax.  The  pulsation  of  the  heart 
was  reduced  to  fonr  each  minute,  the  auricles  would  slowly  and 
imperfectly  contract,  followed  immediately  by  the  yentricles. 
These  slow  pulsations  of  the  heart  occupied  four  seconds.  There 
was  no  visible  respiration,  the  lungs  remaining  almost  entirely 
passive.  The  heart  continued  to  pulsate,  without  perceptible 
change,  for  fifteen  minutes,  and  then  when  raised  from  its  position 
it  continued  to  pulsate  for  sometime,  being  almost  reptilian  in  this 
respect.  During  hibernation  the  circulation  is  so  feeble  that  when 
a  limb  i^  amputated  but  a  few  drops  of  blood  will  slowly  ooze  from 
the  fresh  wound.  The  stomach  and  bowels  empty,  and  the  body 
was  incased  in  a  thick  adipose  layer.  I  was  not  able  to  excite 
the  least  motion  or  contraction  of  the  muscles  in  any  way,  even 
by  pinching  or  cutting  nerves,  showing  the  most  perfect  condition 
of  anasthesia  possible. 

During  hibernation  the  gopher  is  not  able  to  endure  more  than 
six  or  eight  degrees  of  frost.  The  manifestations  of  life  are  so 
feebly  performed,  that  a  few  degrees  below  freezing  is  sufQcient  to 
convert  apparent  death  into  the  reality.  On  the  10th  day  of 
April,  at  which  time  the  first  gopher  appeared  above  ground,  I  re- 
peated the  experiments  of  the  previous  autumn.  Body  emaciated^ 
hair  dry  and  lifeless,  fiesh  perceptibly  less  moist  than  it  was  in  the 
fall.  On  subjecting  the  gluteal  muscles  to  like  treatment,  as  in 
October^  I  was  surprised  to  find  only  eighteen  per  cent,  of  loss 
instead  of  the  thirty,  as  exhibited  in  the  previous  autumn. 

The  large  amount  of  soluble  albumen  found  in  the  flesh  of  the 
Striped  Gopher  in  the  fall,  and  the  lesser  amount  found  after  its 
protracted  hibernation,  go  far  to  prove  that  albumen  somehow  fits 
the  animal  for  its  long  sleep.  Is  it  not  probable  that  albumen  is 
a  stored-up  magazine  of  elaborated  nutrition  to  be  used  when  no 
food  can  be  assimilated  by  the  digestive  oi^an? 

The  burrow  prepared  by  the  gopher,  in  which  to  hibernate,  is 
a  fine  piece  of  engineering.  The  following  is  a  profile  view  of  one 
of  these  retreats,  explored  with  great  care. 

A  sandy  ridge  with  a  more  or  less  degree  of  inclination  was 
selected.  The  excavation  was  commenced  at  A,  where  all  the 
earth  removed  was  deposited.  The  excavations  at  B,  one  on 
either  side  of  the  nest,  were  carried  down  thirty-two  inches,  the 
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maximum  depth.  C,  the  nest  is  an  excavation  eight  inches  in 
diameter,  which  is  filled  with  dry  grass ;  on  one  side  of  the  nest 
was  a  deposit  of  half  a  pint  of  buckwheat,  a  small  store,  suf- 
ficient however  to  last  five  months,  flrom  November  to  April. 


Barrow  of  the  Striped  Gopher.   From  A  to  D,  twelTe  fbet. 


It  is  certain  that  no  food  can  be  taken  in  the  stomach  during 
the  winter,  only  when  awakening  in  the  spring  will  food  be  re- 
quired. At  D  there  is  a  small  hole  cut  through  the  sod,  just 
large  enough  for  this  small  animal  to  squeeze  through,  but  not 
a  particle  of  earth  is  taken  out  here,  though  it  is  left  open.  The 
burrow  is  finished  by  compactly  filling  to  the  depth  of  two  feet 
with  dirt  at  A.  You  perceive  how  thofToughly  drained  the  nest 
is ;  it  would  be  impossible  to  drown  the  occupant  out,  which  is 
so  easily  accomplished  when  they  take  to  their  temporary  summer 
retreats.  There  is  a  double  purpose,  it  would  appear,  of  carrying 
the  excavation  up  to  within  a  foot  of  the  surface,  in  several  places, 
to  secure  thereby,  that  *cool  temperature,  the  most  congenial  for 
the  torpid  state,  as  well  as  to  secure  drainage ;  for  it  is  evident  if 
the  nest  were  kept  too  warm  the  animal,  being  only  imperfectly 
torpid,  would  starve.  Also  the  small  hole  left  open  at  D,  may 
serve  partly  for  the  same  purpose  as  well  as  for  its  easy  exit  when 
the  warm  days  come.  These  burrows  contain  but  a  single  indi- 
vidual. I  believe  that  never  more  than  one  gopher  hibernates  in 
the  same  nest. 
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Notes  on  thb  North  Aicerioan  Ganoids,  Amia,  Lbfidostbus, 

ACIPENSEB  AND  POLTODON.       Bj  BUBT  G.  WiLDBR,  Of  IthaCEi 

N.  Y. 

(With  Uuree  plates.) 

I. — The  respiratory  actions  of  Ami  a  and  Lepidosteus. 

The  respiratory  actions  of  L^idoateua  have  been  described  by 
Prof.  L.  Agassiz  and  by  Prof.  Poey.  The  observations  of  the 
latter  (27)^  are  reproduced  by  Dum6ril  (4,  II,  S06). 

Prof.  Agassiz'  remarks  are  reported  as  follows : 

**This  fish  is  also  remarkable  for  the  large  quantity  of  air  which 
escapes  from  its  mouth.  The  source  of  this  Prof.  Agassiz  had 
not  been  able  to  determine.  At  certain  times  it  approaches  the 
surface  of  the  water  and  seems  to  take  in  air,  bat  he  could  not 
think  that  so  large  a  quantity  as  is  seen  adhering  in  the  form  of 
bubbles  to  the  sides  of  the  gills,  could  have  been  swallowed,  nor 
could  he  suppose  that  it  could  be  secreted  fi*om  the  gills  them- 
selves" (2). 

During  the  paBt  summer  the  ten  young  L^dosteus  mentioned 
in  another  part  of  this  paper,  were  observed  by  me  for  about 
three  weeks.  They  seemed  to  prefer  keeping  near  the  surfacCi 
probably  for  convenience  of  aerial  respiration.  In  emitting  the 
bubble  of  air  they  raised  the  anterior  end  of  the  body  a  little,  but 
I  could  not  be  sure  that  they  intentionally  protruded  the  head 
from  the  water.  At  the  same  moment  the  whole  body  was 
suddenly  rolled  on  one  side,  and  one  or  more  bubbles  of  air  es- 
caped  from  the  mouth.  Within  a  second  or  two  after  assuming 
the.  horizontal  position,  other  and  smaller  bubbles  escaped  from 
the  opercular  orifice. 

With  the  smallest  gar  (63™^,  about  2^  in.  long),  these  respiratory 
movements  occurred  pretty  regularly  at  intervals  of  j^  to  f  of  a 
minute.  It  rolled  almost  invariably  upon  the  right  side  so  as  to 
emit  the  bubbles  from  the  left.  The  ordinary  branchial  respiratory 
movements  of  the  jaws  and  opercula  were  95  per  minute. 

Very  often  these  young  individuals  of  L.  oaseusj  and  more  fre- 
quently the  adults  of  the  smaller  species  {L,  plcUystomTis)^  would 
protrude  the  snouts  from  the  water  in  the  respiratory  act ;  but  the 

1  See  list  of  works  referred  to,  at  the  end  of  this  paper.  The  first  JIgnre  design 
nates  the  number  of  the  work  on  the  list;  the  last,  the  page;  the  middle,  when  it  occnrt, 
the  Tolome. 
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length  of  the  Jaws  made  it  impossible  to  determine  whether  this 
was  intentional  and  for  the  purpose  of  inhaling  as  well  as  of  ex- 
haling the  air. 

Inasmuch,  however,  as  the  exhalation  ooald  be  as  well  accomp- 
lished at  any  depth,  the  uniform  approach  of  the  gars  to  the 
surface  goes  to  show  that  air  is  taken  in  as  well  as  given  out. 

More  satisfactory  observations  upon  this  point  were  made  upon 
adult  and  uninjured  individuals  of  the  mud-fish,  Amia^  which,  like 
Lepidosteua  has  a  tery  cellular  and  vascular  air-bladder  with  large 
air-duct,  and  upon  the  respiratory  actions  of  which  nothing  has 
been  published  so  far  as  I  am  aware. 

Amia  seems  to  prefer  the  darker  parts  of  the  aquarium  and  to 
remain  at  or  near  the  bottom,  but  like  Lepidosteus  it  comes  to  the 
surface  at  intervals  to  breathe.  One  or  two  very  large  bubbles  of 
air  escape  fh>m  the  mouth,  and  on  descending,  some  lesser  ones 
from  the  operculum. 

When  at  the  surface  the  movement  of  the  jaws  seemed  to  be 
two-fold,  first  to  permit  the  escape  of  air,  and  second  to  take  in  a 
fresh  supply.  But  the  whole  was  so  rapidly  executed  that  I  could 
not  be  certain. 

The  following  method  was  adopted  for  determining  this  point. 

The  fish  was  gradually  accustomed  to  the  contact  of  the  hand, 
gently  embracing  the  body  at  about  the  middle.  After  a  time  it 
would  swim  slowly  in  the  tank  with  no  apparent  agitation  on  ac- 
count of  the  contact,  and  come  to  the  surface  at  the  usual  intervals 
to  discharge  a  bubble  of  air. 

Having  been  thus  prepared,  the  fish  was  permitted  to  move  to 
and  fro  at  about  six  inches  below  the  surface,  but  prevented 
from  rising.  It  became  uneasy  and  after  a  few  not  very  violent 
efibrts  to  disengage  itself,  emitted  a  large  bubble  of  air  which  rose 
to  the  surface. 

If  this  emission  were  all  it  required  we  may  suppose  that  it 
would  have  been  content.  On  the  contrary,  after  a  second  or  two 
of  quiet  (perhaps  resulting  from  the  habit  of  being  satisfied  after 
the  respiratory  action),  the  fish  became  more  and  more  uneasy; 
moved  rapidly  to  and  fro,  turned  and  twisted,  and  lashed  with  its 
tail,  and  finally  escaped  fh>m  the  hand.  It  rose  at  once  to  the 
surface,  and,  wUhovLt  emitting  any  bubble  whatever y  opened  the  Jaws 
widely  and  apparently  gulped  in  a  large  quantity  of  air.    It  then 
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descended  and  remained  .quiet  for  the  usual  interval.  This  exper- 
iment was  several  times  repeated,  always  with  the  same  result. 

There  seems  no  doubt  from  the  above,  that  with  Amia  there  is  a 
true  inspiration  as  well  as  expiration  of  air.  The  same  may  be 
considered  probable  though  not  yet  proved,  with  Lepidosteas. 
The  escaping  air  should  be  chemically  examined.  But  there  can 
be  little  doubt  that  in  these  two  genera,  in  Pclypterus^  and  in  the 
Dipnoans,  all  having  cellular  and  vascular  air-bladders,  there  is 
effected  an  interchange  of  oxygen  and  carbonic  acid,  as  in  the 
lungs  of  aerial  Vertebrates. 

Amia  and  Lepidosteus  have  no  spiracle  and  it  is  small  in  Polyp- 
tenia.  The  three  genera  have  the  space  between  the  rami  of  the 
lower  jaw  occupied  (by  plates  or  folds  of  skin  with  underlying 
muscle)  so  as  to  better  prevent  the  egress  of  air  than  would  be  the 
case  with  most  Teleosts.  But,  as  already  stated,  some  air  escapes 
from  the  opercular  orifice  of  Amia  and  LepidoateuB  after  the  fish 
has  descended,  and  while,  probably,  the  air  is  being  forced  back- 
ward so  as  to  enter  the  air-duct. 

Amia  and  L&pidosteua  were  observed  to  perform  the  acts  of 
respiration  above  described  more  frequently  when  the  water  was 
foul  or  had  not  been  changed. 

It  was  noticeable  that  they  survived  removal  fh>m  the  water  for 
a  much  longer  time  than  Acipenser  or  Folyodon^  whose  air-bladders 
are  simple  and  but  slightly  vasciUar. 

n.  ^-The  transformations  of  the  tail  of  the  oar-pikb,  Lepi- 
dosteus. 

That  the  tail  of  the  young  Lepidosteus  is  unlike  that  of  the 
adult  has  been  observed  by  Prof.  Louis  Agassiz.  But  although 
he  repeatedly  called  attention  to  the  transformation,  little  notice 
has  been  taken  of  it ;  it  is  not  mentioned  in  any  systematic  work 
in  the  English  language. 

This  neglect  may  have  been  due  partly  to  the  absence  of  figures 
from  Prof.  Agassiz's  descriptions,  and  partly  to  their  brief  and,  to 
some  extent,  contradictory  nature. 

The  observations  of  Prof.  Agassiz  are  here  reproduced. 

'^Zadock  Thompson  has  described  a  young  specimen  under  the 

name  of  Lepidosteua  lineatus I  have  ascertained,  by 

a  series  of  specimens,  that  the  detached  lobe  formed  by  the  upper 
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raylets  of  the  caadal  fin  is  gradaally  cmited  with  the  lower  rays/' 
(Agassiz,  1,  263.) 

'*In  the  immatare  state  these  fishes  [the  species  of  Lepidosteus] 
have  the  upper  region  of  the  caudal  separate  fh>m  the  lower  aa 
a  distinct  lobe,  the  body  is  scaleless,  and  the  pectorals  consist  of 
membrane  arising  firom  a  fieshy  tubercle ;  .  .  •  .  they  have 
mostly  a  broad  longitudinal  black  band  along  the  middle  line," 
(Agassiz,  9,  860.) 

^'The  young  gar-pikes  are  remarkable  as  possessing  certain 
embryological  characters.  The  most  conspicuous  of  these  is  the 
prolongation  of  the  vertebral  column  in  the  shape  of  a  fieshy  fila- 
ment, distinct  from  the  caudal  fin,  which  [the  filament]  had  at 
times  a  vibratory  motion,  involuntary,  and  quite  distinct  from  the 
motions  of  the  body  itself,  as  is  seen  in  some  embryos." 

^^  This  singular  formation  shows  that  the  caudal  fin  is  properly 
an  appendage  to  the  lower  surface  of  the  dorsal  colunm,  a  true 
second  anal,  and  not  the  proper  termination  of  the  column." 
(Agassiz,  2,  48.) 

It  will  be  noted  that  in  this  later  account  Prof.  Agassiz  speaks 
of  the  filament  as  single  and  not  as  the  upper  raylets,  as  in  the 
passage  first  quoted.  But  he  does  not  here  correct  the  erroneous 
statement,  that  it  is  '^  gradually  united  with  the  lower  rays." 

'*  In  the  adult  state,  the  LepidoateiLS  has  a  large  rounded  caudal 
at  the  extremity  of  the  tail ;  in  the  young,  the  entire  caudal  is 
placed  below  the  extremity  of  the  vertebral  column,  as  a  second 
anal^  and  the  vertebral  column  is  prolonged  as  a  detached  lobe, 
along  the  superior  border  of  the  caudal.  That  conformation  per- 
sists until  the  fish  is  .200,  (2  decimeters,  about  8  inches)  in 
length."     (Agassiz,  3,  57.) 

Dumeril  (4,  319)  calls  attention  to  these  descriptions  by 
Agassiz,  and  figures  (PI.  24,  fig.  4)  the  tail  of  what  is  stated 
to  be  a  very  small  specimen,  but  which,  judging  from  the  size  of 
the  figure  and  the  shortness  of  the  filament,  was  probably  at  least 
200™"*  (about  8  inches)  long. 

My  own  observations  relate  to  the  form  of  the  tail  in  the  very 
young,  before  it  assumed  the  character  described  by  Agassiz ;  the 
manner  of  formation  of  the  caudal  fin ;  the  gradual  disappearance 
•f  the  filamentary  end  of  the  body ;  its  representation  in  the  tail 
of  the  adult  fish. 
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The  material  at  my  disposal  is  as  follows : — 

A.  Young  Lepidosteua  brought  to  me  in  alcohol  by  Master 
Edward  Steers  (nephew  of  the  late  Prof.  Evans  of  Cornell 
University),  who  took  them  from  the  Red  Biver,  near  Shreveport, 
La.a 

The  smallest  of  these  is  shown  (enlarged  5  diameters)  in  fig.  1. 
It  is  18  millimeters  (about  f  of  an  inch)  long.  The  largest  is 
44111m.  (about  If  inches)  long. 

B.  Ten  young  Lepidoateus  (probably  X.  osseua)  obtained  by 
me  in  the  Illinois  Biver,  at  Peoria,  during  July,  1875.  These  were 
kept  alive  by  me  and  carefully  watched  for  Arom  three  weeks  to  a 
few  days  each.  The  smallest  is  63™"-  (about  two  and  a  half 
inches)  long ;  the  largest  is  800™°*  (about  twelve  inches)  long. 

C.  Numerous  specimens  and  preparations  of  adult  and  partly 
grown  jL.  osseus  and  L.  pUUystomua  in  the  Museum  of  the  Cornell 
University. 

The  smallest  Lepidoateus  in  my  possession  (it  is  apparently 
much  smaller  than  any  that  have  hitherto  been  examined)  is  18°^ 
(a  little  less  than  three-fourths  of  an  inch)  in  length.  In  figure  1 
it  is  enlarged  5  diameters.  Unlike  most  young  specimens  it  is 
almost  colorless.3 

The  head  is  rather  short  and  depressed  like  that  of  Polyx^erus, 
The  eyes  are  large  and  dark.  The  nostrils  are  easily  seen ;  the 
anterior  openings  look  upward  and  outward  instead  of  downward 
and  forward  as  in  the  adult.  The  branchiostegal  membranes  are 
separate  as  far  forward  as  the  transverse  fold  which  exists  in  all 
Lepidoateua.^ 

The  ventral  fins  have  not  yet  appeared.  The  pectorals  are  very 
large  and  prominent,  and  consist  of  a  central  lobe  with  a  thin 
border  or  fringe.  The  significance  of  this  will  be  discussed  here- 
after ;  see  page  166. 

A  median  fin  extends  from  the  middle  of  the  length  to  the  vent, 

*  Several  of  these  were  handed  by  me  to  the  late  Prof.  Agassis.  Unfortunately 
his  failing  heiUth  and  pressing  avocations  prevented  any  examination  of  them,  and  they 
have  been  kindly  loaned  to  me  by  Mr.  Alex.  Agassix,  Curator  of  the  Museum  of  Com- 
parative Zoology. 

*  This  is  the  case  with  two  small  specimens  about  5*»-  long,  taken  ftom  the  stomach 
of  a  small  LepldotUut,  They  are  probably  newly  hatched  gars,  but  are  not  capable 
of  determination. 

« I  think  there  are  reasons  fbr  regarding  this  fold  as  homologous  with  the  hinder 
border  of  the  gular  plate  of  Amia,  But  as  this  qhestion  involves  the  homology  of 
tome  other  parts  now  undetermined,  I  reserve  it  for  another  occasion. 
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and  thence  to  the  end  of  the  tail.  A  similar  primordial  fin  ex- 
tends along  the  hinder  third  of  the  body  above.  This  fin  is  quite 
deep  and  consists  of  a  delicate  membrane  supported  by  very 
numerous  and  slender  rays  in  close  apposition ;  they  incline  slightly 
backward. 

The  tip  of  the  tail  is  unfortunately  missing  fh)m  this  specimen, 
BO  that  its  exact  form  can  only  be  inferred.  The  larger  specimens 
show  a  gradual  sharpening  of  the  caudal  extremity,  whence  we 
may  infer  that  in  the  earliest  stage  th$  end  is  not  veiy  acute. 

Near  its  hinder  extremity  the  body  has  a  slight  downward  incli- 
nation. In  all  the  larger  individuals  the  body  is  either  nearly 
horizontal  or  inclined  upward  at  its  hinder  extremity. 

The  primordial  median  fin  presents  four  points  of  special  altera- 
tion, two  dorsal  and  two  ventral.  They  are  nearly  opposite  each 
other,  but  the  ventral  gne  of  each  pair  is  a  little  anterior  to  the 
dorsal. 

They  appear  to  be  somewhat  thicker  than  the  surrounding  parts 
of  the  fin,  and  darker  fh>m  a  greater  or  less  deposition  of  pigment 
granules,  especially  near  the  margin  of  the  body.  * 

The  anterior  pair  (2),  A)^  dorsal  and  ventral,  occupy  the  portion 
of  the  dorsal  and  anal  fins  of  the  adult.  But  no  large  rays,  or 
other  structures  than  the  delicate  rays  of  the  primordial  fin,  are 
to  be  seen. 

The  hinder  dorsal  spot  {X)  is  very  faint  and  would  hardly  be 
noticeable  but  for  its  more  pronounced  character  in  larger  speci- 
mens. It  has  no  large  rays  and  later  disappears  entirely.^  It 
may  possibly  represent  the  second  dorsal  of  OlyptoUEmua;  but 
more  probably  the  upper  lobe  of  the  caudal  fin  of  Vhdina  and 
Macropoma,    This  correspondence  will  be  referred  to  hereafter. 

The  spot  (C)  on  the  lower  lobe  of  the  caudal  of  the  young  Lepi^ 
dosteus  is  evidently  a  developing  fin.  It  is  thicker  than  the  rest 
of  the  primordial  fin.  In  the  centre  of  the  thickened  space  are 
dimly  seen  four  or  five  larger  rays  pointing  obliquely  downward 
and  backward.  Their  attachment  to  the  margin  of  the  body  is 
indicated  by  its  thickening  and  by  a  crescentic  emargination. 
This  emargination  resembles  that  on  the  lower  part  of  the  tail  of 
Calamoichikys ;  but  in  this  genus  the  fin  so  indicated  is  probably 
the  true  anal ;  the  inAra-caudal  lobe  not  being  difibrentiated. 

•  This  transitory  fin  is  comparable  with  the  temporarx  anals  of  the  young  skate  aa 
described  by  Wyman  (11, 85);  one  of  which,  however,  attains  quite  a  large  siae  before 
its  disappearance. 
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The  specimen  above  described,  represents,  so  far  as  I  am  aware, 
the  earliest  known  sti^e  of  Lepidostetis,  But  there  can  be  no 
doubt  that  at  a  still  earlier  stage  the  tail  was  simple  and  undiffer- 
entiatept  like  that  of  AmpMoxua. 

A  second  very  small  specimen  is  no  longer  than  the  one  above 
described,  but  seems  to  be  more  developed.  It  is  darker  colored ; 
the  belly  being  almost  black  while  the  upper  half  of  the  body  is 
brownish.  The  four  median  fins  are  indicated  by  decided  though 
irregular  blotches,  and  the  rays  of  the  infra-caudal  are  more  dis- 
tinct. 

White  longitudinal  elevations  show  where  the  ventral  fins  (  Ve) 
are  about  to  appear. 

The  difference  in  the  color  of  these  two  smallest  specimens  is 
very  marked.  The  white  one  is  apparently  the  younger  although 
a  trifle  the  longer.  But  it  cannot  be  determined  at  present  that 
the  color  is  developed  only  after  the  attainment  of  a  certain  size 
or  stage  of  growth. 

The  specimen  next  figured  (Fig.  2)  presents  the  following  fea- 
tures. Its  length  is  23°"°**  Its  colors  are  darker  than  the  one  first 
described,  but  less  decided  than  in  the  second  small  specimen  re- 
ferred to. 

The  ventral  fins  (  Ve)  are  little  white  buds  opposite  the  anterior 
extremity  of  the  primordial  fin  (1).  This  latter  has  changed  but 
little.  It  seems  rather  thinner  and  its  borders  are  ragged,  as  if  in 
process  of  removal  by  both  absorption  and  abrasion. 

In  addition  to  the  interruption  for  the  vent,  the  primordial  fin 
now  presents  three  emarginations,  as  follows : — 1 .  About  mid- way 
between  the  spots  representing  the  dorsal  and  the  supra-caudal 
fins.  2.  Behind  the  spot  representing  the  anal  fin.  8.  Between 
the  primordial  fin  (3)  on  the  lower  border  of  the  tail  and  the 
infra-caudal  lobe,  which  now  projects  slightly  and  is  supported  by 
eight  or  ten  rays  split  at  their  tips  but  reaching  the  border  of  the 
fin. 

In  this  specimen  we  see  the  beginning  of  the  changes  which  are 
to  result  in  the  total  disappearance  of  the  tail  proper  and  the 
taking  of  its  place  and  office  by  the  greatly  enlarged  infVa-caudal 
lobe. 

Passing  over  intermediate  sizes  in  which  the  head  is  progres- 
sively lengthened,  and  theventrals  enlarged  we  come  to  the 
specimen  represented  in  fig.  3. 
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Like  the  one  first  described  this  is  a  pale  individaal.  Its  total 
length  is  44°*^  From  the  tip  of  the  snout  to  the  middle  of  the 
eye,  9"^ ;  from  the  eye  to  the  vent,  21"^ ;  from  the  vent  to  the 
tip  of  the  tail  14"* 

The  primordial  fin  has  disappeared  ezoepting  on  the  border  of 
the  filament  (fi )  which  is  the  elongated  and  slender  termination 
of  the  body.  The  pectoral  fins  are  still  distinctly  lobate,  the  thin 
border  not  being  more  than  one-half  as  broad  as  the  fieshy  central 
lobe. 

The  anal  and  dorsal  fins  are  distinct,  and  have  each  seven  rays. 
The  ventrals  are  still  very  small. 

The  rays  of  the  infra-caudal  are  distinct.  They  are  more  nearly 
in  line  with  the  body  than  in  the  younger  specimens,  while  the  tail 
is  slightly  elevated.  Both  the  filament  and  the  infra-caudal  lobe 
have  increased  in  length.  But  the  latter  has  also  become  wider, 
while  the  former  is  so  slender  as  to  merit  the  name  filament.  It 
projects  about  1.5""*  beyond  the  infra-caudal  lobe. 

The  specimen  last  described  is  the  largest  of  those  from  the 
Red  River.  The  smallest  of  the  specimens  from  the  Illinois  Ri^er 
has  a  total  length  of  63""* ;  13""-  from  muzzle  to  middle  of  eye ; 
28"°-  from  eye  to  vent,  and  22""**  from  vent  to  tip  of  filament. 

As  in  most  of  the  Red  River  specimens  and  all  of  those  from 
the  Illinois,  the  dark  lateral  stripe  is  strongly  contrasted  with  the 
white  belly  and  brownish  back.  The  border  of  the  pectoral  is  now 
equal  to  the  lobe.  The  tip  of  the  caudal  filament  is  very  slender 
and  projects  3*"*  beyond  the  infra-caudal  lobe. 

At  the  base  of  the  filament,  just  behind  the  tipbf  the  dorsal, 
are  two  pairs  of  slight  elevations,  one  behind  the  other,  and  look- 
ing backward.  These  are  the  first  representatives  of  the  fulcra; 
a  series  of  strong  spine-like  plates  which,  in  the  adult  gar,  cover 
the  anterior  part  of  the  upper  and  lower  borders  of  the  tail. 

In  a  specimen  108""-  long,  the  tips  of  the  filament  and  the  infra- 
caudal  lobe  coincide.  Both  have  increased  in  length  and  width, 
but  the  lobe  more  rapidly  than  the  filament. 

The  outlines  of  scales  appear  on  the  sides  of  the  hinder  half  of 
the  body,  and  there  is  an  increase  in  the  size  and  number  of  the 
fulcra. 

In  a  specimen  measuring  142"°^  from  tip  of  head  to  tip  of  caudal 
lobe,  this  latter  projects  8*°"**  beyond  the  filament.  Its  rays,  that 
is,  the  central  ones,  are  in  direct  line  with  the  axis  of  the  body, 
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while  the  base  of  the  filament  is  crowded  upward.  There  are 
now  five  pairs  of  fulcra,  the  hindermost  of  which  extends  back- 
ward as  far  as  the  point  of  separation  between  the  filament  and 
the  lobe.  Behind  this  point  the  filament  is  apparently  undergoing 
structural  degeneration  and  removal.  It  is  thin,  slender  and 
ragged  at  the  edges. 

But  there  is  evidently  considerable  variation  as  to  the  period  of 
this  removal.  For  of  two  specimens  about  190™"-  in  length,  one 
has  the  filament  equal  to  the  lobe,  and  in  the  other  it  is  but  8™*°- 
shorter. 

The  largest  specimen  in  which  the  filament  is  preserved,  is  about 
3Q()mm.  iQjjg^    -pije  i^iyQ  projects  15°^*  beyond  the  filament.    The 

free  part  of  the  latter  is  much  attenuated,  and,  during  life,  was 
but  feebly  and  occasionally  employed.  The  tail  of  this  specimen 
is  shown  in  fig.  4. 

In  imagination  we  may  readily  supply  the  stages  intermediate 
between  that  last  described  and  the  tail  as  usually  represented, 
where  the  free  part  of  the  filament  has  wholly  disappeared,  and 

« 

its  base,  covered  by  the  fulcra,  seems  to  form  only  the  upper 
border  of  the  functional  tall.  This  latter,  however,  from  a  mor- 
phological point  of  view,  is  really  an  appendage  of  the  filament. 

The  movements  of  the  filament  have  been  well  described  by 
Agassiz.  He,  however  (2),  speaks  of  it  as  "involuntary."  By 
this  he  may  have  meant  only  that,  as  wit^  other  very  rapid  vibra- 
tions, a  separate  volition  is  not  required  for  each  individual  move- 
ment. In  fact,  during  vibration,  the  filament  is  invisible.  But 
the  motion  is  not  involuntary  as  is  that  of  cilia  or  unstriped  mus- 
cular fibres.  For  at  times  the  filament  is  wholly  at  rest ;  it  may 
be  elevated  or  depressed,  curved  strongly  to  the  one  side  or  to  the 
other,  and  more  or  less  rapidly  vibrated  in  any  of  these  posi- 
tions. 

The  movement  may  be  compared  to  that  of  the  wings  of  most 
insects  and  of  the  humming-bird.  Still  more  closely  with  that  Of 
the  tail  of  Crotalua.^ 

On  each  side  of  the  cartilaginous  rod,  in  its  whole  length,  is  a 
band  of  striated  muscular  fibre. 

It  would  be  interesting  to  ascertain  whether  the  nervous  supply 
comes  from  the  cord  within  the  filament  or  from  the  permanent 

•  Many  of  the  Colubridrnf  under  strong  exoitement,  wUl  vibrate  the  taU  as  doea  the 
rattlesnake. 
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portion  of  the  cord  anterior  to  the  point  of  its  separation  fh>m  the 
infra-caudal  lobe. 

The  repreaerUatum  of  the  JUament  in  the  aduU  tail.  Agassis* 
figare  of  the  tail  of  L^idosteua  (5,  tome  II,  tab.  A),  was  prob« 
ably  made  fh)m  a  dry  preparation,  and  his  description  (tome  I, 
part  II,  23),  does  not  mention  any  cartilaginous  prolongation  of 
the  bony  vertebral  column.  I  am  not  aware  of  any  other  figures 
or  description  of  the  tail  of  Lepidosteua. 

Figure  5  represents  (reduced  i)  the  dissected  tail  of  a  medium 
sized  Xr.  pUUystomue.  It  will  be  noted  that  the  outline  of  the 
caudal  fin  (the  infFa-caudal  lobe  of  the  foregoing  descriptions)  is 
nearly  though  not  quite  symmetrical ;  the  lower  rays  being  a  little 
shorter  than  the  uppermost. 

In  the  figures  of  Agassiz  and  Dum^ril  the  outline  is  much  more 
oblique.  This  however,  may  be  due  in  part  to  the*  fact  that  the 
upper  rays  are  usually  less  separated  than  the  lower,  so  as  to 
cover  less  area  than  the  lower. 

Probably  too,  there  is  specific  variation  in  this  respect.  I  am 
inclined  to  think  also  that  the  same  species  presents  different 
characters  at  different  ages.  But  for  the  determination  of  these 
questions  a  large  number  of  individuals  should  be  compared  after 
their  species  have  been  ascertained.  At  present  the  taxonomy  of 
Lepidoateus  is  in  a  very  confused  state.^ 

The  outline  of  the  base  of  the  fin  presents  a  double  curve  like 
an  elongated  letter  /.  The  fulcra  cover  the  anterior  two-thirds  of 
the  dorsal  border  and  three-fourths  of  the  ventral  border.  Both 
series  are  closely  attached  to  the  uppermost  and  lowermost  caudal 
ray  respectively.  These  rays  not  only  divide  and  subdivide  like 
the  fin  rays  of  Maiacopteriy  but  also  consist  of  two  lateral  halves* 
which  are  often  not  exactly  applied  to  each  other,  as  seen  in  fig.  6. 

The  lateral  halves  of  the  uppermost  caudal  ray  are  separated 
f\rom  each  other  excepting  at  their  lower  border,  and  between 
them  lies  a  tapering  cartilaginous  rod,  whose  upper  surface  is 
covered  by  the  bases  of  the  dorsal  fulcra.    The  relation  of  parts 

*  The  same  1b  true  of  many  other  American  forms  which  are  not  readily  obtainable, 
In  large  numbers,  by  European  naturalists;  as,  for  insianoei  the  American  Sturgeons, 
the  FetromysontidsB,  and  the  tailed  Batraohians. 

•  Goodslr  (18,  II,  106}  and  Humphrey  (8, 59)  hare  called  attention  to  the  DEust  that  the 
rays  of  median  flns  consist  of  two  lateral  halyes.  The  latter  author  regards  it  as  one 
of  the  grounds  for  considering  each  lateral  (in  to  correspond  to  a  lateral  factor  of  a 
median  fln.  I  find,  however,  that  in  Lqddotteut  the  rays  of  the  ventral  llns  are  like- 
wise double. 
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is  seen  in  fig.  6,  which  represents  a  vertical  section  of  the  upper 
border  of  the  tail  about  the  middle  of  the  series  of  fulcra. 

Posteriorly  the  rod  may  be  traced  to  beneath  the  hindermost 
fulcra,  this  point  corresponding  nearly  with  the  point  of  separa- 
tion of  the  filament  and  infra-caudal  lobe  in  the  young.  Ante- 
riorly it  descends  gradually  to  become  continuous  with  the  hinder- 
most  vertebra. 

The  cartilaginous  rod  above  described  is  called  notochord  by 
Huxley  (7,  20).  A  cross-section,  however,  shows  that  it  really 
represents  the  whole  spinal  axis,  as  seen  in  fig.  6.  The  noto- 
chord {N)  is  surrounded  below  and  on  the  sides  by  the  cartilagi- 
nous and  unsegmented  basis  of  the  vertebrae  (CS)  which,  above, 
separates  into  two  laminae  enclosing  the  neural  canal  and  the 
spinal  cord  {SC), 

The  structores  above  described  are  readily  seen  in  the  tail  of 
the  adult  Acipenser  and  Polyodon.  After  maceration  in  weak 
spirits  for  some  months,  the  notochord  of  these  genera  may  be 
withdrawn  from  the  surrounding  cartilage  as  a  membraneous  tube, 
the  contents  of  which  may  be  washed  out. 

In  Polyodon  the  fibres  of  this  membraneous  notochordal  sheath 
are  arranged  in  a  peculiar  net-work  permitting  considerable  exten- 
sion, with  contraction  of  the  caliber,  or  shortening  with  corres- 
ponding increase  in  diameter. 

In  Amia  the  cartilaginous  sheath  is  thicker  in  proportion,  but 
the  true  notochord  and  the  spinal  cord  may  be  traced  to  the 
extremity. 

The  whole  structure  is  much  shorter  than  that  of  L^idosteua^ 
but  in  several  specimens  prepared  by  me,  it  comes  much  nearer 
the  upper  border  of  the  fin  than  in  the  figure  by  Huxley,  (7,  fig. 
6).     The  rod  is  not  represented  by  Franque  (10). 

The  tail  of  the  adult  Amia  has,  therefore,  essentially  the  same 
structure  as  has  that  of  Lepidosteus.  Nothing  is  as  yet  known  of 
the  earlier  stages  of  its  development.  Through  the  kindness  of 
Prof.  H.  A.  Ward,  of  Rochester,  I  have  recently  obtained  two 
small  specimens,  respectively  70™°*  and  100"^  (about  three  and 
four  inches)  long,  which  have  the  characteristic  tail  of  the  adult? 

•  These  specimenB  wUI  be  described  npon  another  occasion.  For  the  present  I  wiU 
only  mention  that  in  both  the  markings  on  the  body  and  fins  are  more  distinct  than  in 
the  adult,  and  that  the  smallest  presents  two  decided  black  stripes  on  each  side  of  the 
head,  one  of  which  runs  across  the  eye,  as  in  the  young  Lepidoateus,  while  the  other 
descends  obliquely  backward  from  the  eye  toward  the  margin  of  the  opercnlom. 

A.  A.  A.  S«  VOL.  XXIV.     B.  (11) 
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with  an  even  more  decided  upward  inclination  of  the  upper  caudal 
rays,  in  strong  contrast  with  the  figures  of  Franque  (10)  and 
Huxley,  (7,  Fig.  6). 

Nevertheless,  so  nearly  does  the  tail  of  the  adult  Amia  resem- 
ble that  of  Lepidoateua^  that  I  cannot  avoid  inferring  that  it 
passes  through  a  similar  series  of  transformations.  And  I  would 
suggest  to  those  who  live  near  the  breeding  places  of  Amiay  the 
importance  of  making  a  complete  study  of  its  development. 

As  the  most  teleosteoid  of  Ganoids  (its  ganoid  nature  being  in 
fact  denied  by  Liitken,  16,  836),  its  embryology  will  be  especially 
valuable. 

The  stages  through  which  the  Lepidosteus  passes  are  comparable 
with  the  adult  conditions  of  various  living  and  fossil  forms. 

But  this  parallelism  is  rarely  or  never  exact  in  regard  to  more 
than  one  of  the  features  under  consideration,  the  direction  of  the 
spinal  axis  and  the  subdivision  of  the  primordial  median  fin. 

As  already  stated  the  first  stage  is  not  represented  among  the 
specimens.  But,  judging  from  all  analogy,  we  may  infer  that  the 
young  Lepidosteus  of  about  10™™-  in  length,  has  a  continuous 
median  fin  with  no  differentiation  of  color  or  thickness,  and  with 
no  sign  of  subdivision  into  separate  fins ;  and  that  the  posterior 
end  of  the  body  is  horizontal  or  slightly  deflected  downward, 
separating  the  equal  or  nearly  equal  upper  and  lower  caudal  lobes. 

In  the  earliest  of  the  stages  here  described  the  spinal  axis  is 
still  nearly  horizontal,  but  the  median  fin  shows  signs  of  subdivision. 

In  both  the  tail  would  be  described  as  truly  homocercal  by  most 
authors,  as  diphycercal  by  McCoy  and  Huxley,  and  as  protocercal 
by  Wyman. 

I  do  not  wish,  on  this  occasion,  to  discuss  the  general  subject  of 
the  nomenclature  of  tails.  But  it  seems  to  me  that  all  the  argu- 
ments of  Huxley  in  favor  of  diphycercal  for  homocercaU®  as 
applied  to  tails  like  that  of  Polypterus,  apply  with  even  greater 
force  toward  substituting  protocercal  for  both.  For  the  latter 
term  indicates  that  the  structure  under  consideration  exists  in  the 
earliest  known  stages  of  development  of  Selachians  and  Ganoids ; 

io  Cope  (17)  has  proposed  "  isocercal "  Ibr  the  same  form  of  tail.  But  he  applies  this 
term  to  the  eel  (Anguitla)^  in  which,  according^  to  Huxley  (15, 42),  the  arrangement  is 
xeally  heterocercal  as  in  most  if  not  all  other  osseons  fishes.  The  whole  subject,  how- 
ever, needs  a  special  revision  by  comparison  of  several  stages  of  development  of  the 
tall  in  aU  forms  of  agnatic  vertebiftes. 
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in  certain  very  ancient  Ganoids  (as  Olyptoloemus  smd  Oyroptychius)  ; 
and  in  tl^generalized  forms  Lepidosiren  and  Ceratodus. 

I  have  not  been  able,  however,  to  find  the  word  ased  elsewhere 
than  in  Wyman's  paper  on  the  Development  of  Rata  hatis  (11). 

Upon  the  general  subject  see  Huxley  (6,  7,  and  15),  with  other 
papers  therein  referred  to. 

This  stage  of  the  Lepidosteus  may  be  compared  with  Amphioxua^ 
the  lowest  known  Vertebrate,  with  Lepidosiren^  Protopterua  and 
Ceratodu8^^^  where,  however,  the  primordial  fin-rays  seem  to  have 
been  replaced  by  stronger  and  permanent  rays ;  Myxine^  Bddloa- 
toma  and  Petromyzon,  where  the  rays  are  cartilaginous  ;'^  (in  some 
species  of  Petromyzon  the  median  fin  is  continuous,  with  slight 
undulations  indicating  the  su^bdi visions  in  other  species)-;  and 
with  MefnohranchuB  and  Menopoma^  where,  as  in  the  larvae  of 
Anoura,  there  are  no  fin-rays  at  all. 

The  cartilaginous  prolongation  of  the  vertebral  column  of  Polyp- 
teruB  is  not  shown  by  Agassiz  (5,  II,  tab.  C).  It  is  figured  by 
Huxley  and  described  (7,  20),  as  hardly  at  all  bent  up. 

In  a  CalamoicJUhys  in  my  possession  a  line  drawn  vertically 
across  the  tail  over  the  end  of  the  cartilaginous  rod  intersects 
twelve  fin-rays.  Four  of  these  lie  above  the  rod  and  eight 
below.  Still  the  upward  inclination  of  the  rod  is  very  slight, 
perhaps  not  enough  to  prevent  the  recognition  of  these  two  genera 
as  protocercal.  Some  other  form  would  have  been  better,  however, 
for  illustration. 

Among  fossil  forms  with  apparently  protocercal  tails  are  proba- 
bly included  the  extinct  species  of  Ceratodtis  described  by 
Newberry  and  Cope. 

In  all  the  above  excepting  Polypterua  and  Ccdamoichthys,  the 
median  fin  is  continuous  as  if  formed  by  direct  enlargement  of  the 
whole  primordial  fin. 

But  in  other  fossil  forms,  as  in  the  two  genera  above  named, 
parts  of  the  primordial  fin  are  differentiated  and  bear  the  names 
dorsal  and  anal. 

The  most  instructive  of  these  is  Olyptolcemus^  a  Devonian  fish 
described  and  figured  by  Huxley  (6,  fig.  1,  and  plates  I  and  II). 
'*  There  are  two  dorsal  fins  placed  in  the  posterior  half  of  the 

u  Commoply  known  as  Dlpnoans,  bat  inclnded  among  ttie  Ganoids  by  GQnther  (19) 
GUI  (18)  and  others. 

^'  Perfectly  distinct,  although  these  ba?e  been  caUed  Dermopterl  by  Owen. 
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body.  The  ventral  fins  are  situated  under  the  first  dorsal  and  are 
succeeded  by  a  single  anal.  The  caudal  fin,  whose  ^ntour  is 
rhomboidal,  is  divided  into  two  equal  lobes  by  the  prolonged  coni- 
cal termination  of  the  body ;  in  other  words,  the  fish  is  diphycer- 
cal  or  truly  homocercal"  (Huxley  6,  8). 

Huxley  states  that  the  head,  body  and  fin,  of  Chfroptychius  might 
be  described  in  the  terms  which  have  just  been  applied  to  Olyp- 
tolcemiLS, ' 

Both  these  genera  are  comparable  with  the  first  stage  of  Lepidoa- 
texis.  The  tail  is  strictly  protocercal  (or  "diphycercal").  More- 
over there  are  two  dorsals.  If  the  anterior  be  the  fiomologue  of 
the  single  dorsal  of  the  adult  Lepidosteus^  then  the  posterior  may, 
perhaps,  represent  a  development  of  the  transitory  posterior  dorsal 
of  the  young  Lepidosteus.  If  the  anals  correspond  in  the  two, 
then  the  infra-caudal  lobe  of  Lepidosteus  is  not  differentiated  from 
the  rest  of  the  tail  in  OlyptolG&mus^  or  Oyroptyckius, 

But  it  may  be  that  another  interpretation  is  more  nearly  correct. 
Certain  other  fossil  forme,  as  Undina^  and  probably  Mdcropomay 
have  a  continuation  of  the  vertebral  column  between  the  two  equal 
lobes  of  the  caudal  fin,  and  the  prolongation  of  the  caudal  extrem- 
ity beyond  it  as  a  filamentary  appendage  (Huxley  6, 15).  Leaving 
out  of  the  comparison  the  advanced  anterior  dorsal  of  C/hdma, 
the  posterior  dorsal  may  be  compared  with  the  true  dorsal  of  LepU 
do8teu8\  the  anals  are  apparently  homologous.  There  are  then 
an  upper  and  a  lower  caudal  lobe  of  nearly  equal  size,  the  filament 
projecting  between.  The  lower  lobe  may  naturally  be  homologized 
with  the  permanent  infra-caudal  of  Lepidosteus^  while  the  upper 
lobe  represents  a  similar  development  of  the  transitory  appearance 
(X)  of  Lepidosteus. 

Which  of  these  interpretations  is  correct  will  hardly  be  deter- 
mined before  the  general  affinities  of  all  these  forms,  fossil  and 
living,  are  better  understood  than  at  present.  Meantime  I  venture 
to  call  attention  to  the  facts,  well  known  but  not  always  borne  in 
mind,  that  all  median  fins  are  differentiations  of  a  single  continuous 
primordial  fold;  that  even  in  nearly  allied  forms  they  present 
considerable  diversity  of  size  and  position  ;  and  that  no  such  tax- 
onomic  significance  is  probably  to  be  assigned  to  them  as  to  the 
lateral  fins,  of  which  there  are  never  more  than  two  pair. 

Leaving  out  of  the  comparison  the  degree  of  subdivision  of  the 
median  fin,  the  stages  3,  4,  and  5,  represented  in  figs  2,  3,  and  4, 
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have  their  more  or  less  acearate  coanterparts  among  various  living 
and  fossil  Ganoids  and  Sharks.^^ 

Alopias  has  a  long  upper  lobe  (so-called). i* 

In  Polyodon  and  some  species  of  Acipenser  and  in  most  Sharks, 
the  upper  lobe  is  but  little  the  longer ;  in  Lamna  the  lower  lobe 
nearly  equals  the  upper.  I  am  not  acquainted  with  any  Ganoid  or 
Selachian  where  the  lower  lobe  is  the  longer,  as  in  the  sixth  stage 
of  Lepidosteua  (Fig.  5).^^ 

The  last  stage  (7,  fig.  6),  exists  in  Amia  alone  among  living 
Ganoids,  and,  so  far  as  I  am  aware,  is  not  presented  by  any  palse- 
ozoic  forms ;  their  tails  being  either  protocercal  (as  in  OlyptolcB' 
mus)  or  obviously  heterocercal  as  in  PalceorUacttSy  etc. 

But  among  mesozoic  forms  the  amioid  tail  is  not  unusual ;  and 
a  series  may  easily  be  formed,  as,  for  instance,  of  Lepidotus^  Meg- 
aiurus  and  Thrissops  by  which  the  truly  heterocercal  tail  is  appar- 
ently converted  into  the  apparently  homocercal  form.  Indeed  the 
tail  of  Megalurus,  as  figured  by  Agassiz  (5,  tab.  E,  fig.  4),  might 
almost  be  taken  for  that  of  Amia,^^ 

i>  Several  species  of  Loricaria  have  the  upper  caudal  ray  greatly  prolonged  so  as 
to  form  a  filament.  In  an  adult  examined  by  me  there  is  no  prolongation  with  it  of  the 
notochord.  It  would  be  interesting  to  examine  the  young  in  this  genus.  The  filament 
adds  another  to  the  analogies  between  the  Groniodonls  of  South  America  and  the  Stur- . 
geons  of  the  Noithem  hemisphere  which  have  been  pointed  out  by  Agassiz  (20,  SO;  21, 
242,299;  22,354). 

^*  I  use  the  term  upper  lobe  because  it  is  commonly  employed.  Strictly  speaking, 
however,  it  is  not  a  lobe  of  the  caudal  fin  in  any  such  sense  as  is  the  lower  lobe  here 
called  InAra'Caudal.  It  is  the  prolongation  of  the  body  and  is  really  a  gigantic  JUametU, 
The  tail  of  Chimera  is  even  more  exaggerated. 

Something  like  a  reversed  representation  of  the  changes  in  the  tail  of  Lepidotteut 
occurs  with  the  developing  skate.  The  dorsals  of  Eaia  btUU  were  found  by  Wyman 
(11,  43)  to  "  change  position  Arom  the  middle  to  the  end  of  the  tail.  At  the  time  of 
hatching,  however,  there  is  still  a  slender  terminal  portion  of  the  tail  which  is  after- 
wards either  absorbed  or  covered  up  by  the  enlarged  dorsals  as  they  extend  backward." 

In  a  young  skate  taken  Arom  the  egg-case  and  measuring  70°>»-  in  length,  I  find  pro- 
jecting beyond  the  second  dorsal  a  slender  filament  about  It"™-  long,  which  is  atrophied 
as  compared  with  the  rest  of  the  tail,  and  apparently  in  process  of  removal.  (In  Urtqh 
ttra,  as  remarked  by  Wyman,  this  slender  tall  is  persistent).  After  its  removal  the 
hinder  dorsal  of  the  skate  occupies  toward  the  end  of  the^body  the  same  position, 
morphologically,  as  if  it  were  a  supra-caudal  lobe  or  difl^erentiation  of  the  primordial 
fin,  corresponding  to  the  inAra-caudal  lobe  of  Lepidosteus.  The  end  of  the  vertebral 
column  is  not,  however,  bent  downward  so  as  to  allow  the  dorsal  to  be  strictly  termi- 
nal: perhaps  in  adaptation  to  its  frequenting  the  bottom. 

>•  There  seems  to  be  no  reason  why  such  a  form  should  not  exist,  a  reversed  coun- 
terpart of  Alopiat  as  Hemirhamphua  is  of  Xiphiat, 

^*  In  the  diagrammatic  restoration  of  Megalunu  above  referred  to,  the  scales  are 
represented  as  rhombic.  But  they  are  really  cycloid,  as  in  Amia^  in  all  the  four  species 
shown  by  Agassiz  in  Plates  SI  and  51»  of  the  same  work.  May  not  Megalurut  be  a 
fossil  representative  of  the  Amiada  ?  Huxley,  however,  (7,  127),  says  that  "  it  is  not 
certain  that  any  member  of  the  group  occurs  in  a  fossil  state ;"  and  LQtken  (16, 836), 
thinks  "  there  is  no  positive  reason  for  arranging  the  Megaluri  (which  he  regards  as 
TeleoBtei)  with  the  Amiadss." 
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Since  Huxley  (15)  has  shown  the  probability  that  the  tails  of 
most  if  not  all  Teleostei,  are  really  strongly  heterocercal,  it  is  not 
difficult  to  imagine  a  series  by  which  the  tail  of  Amia  should  be- 
come that  of  one  of  the  Clupeoids  with  which  Cuvier  had  placed 
it.  Indeed  there  are  fossil  Ganoids  {Thrissops^  Aspidorhynchus^ 
etc.)  whose  tails  are  apparently  as  perfectly  homocercal  as  those  of 
any  Salmo  or  Scomber^  but  which,  by  analogy,  we  may  suppose  to 
have  been,  in  the  earlier  stages  of  development,  distinctly  hetero- 
cercal,  or,  perhaps,  even  protocercal. 

But  the  transition  is  still  better  illustrated  by  the  changes  which 
occur  in  Oaaterosteua  as  described  by  Huxley  (15)  and  as  lately 
seen  by  me  in  a  Siluroid. 

For  in  the  young  Oasterosteus  the  cartilaginous  rod  (called  noto* 
chord  by  Huxley)  is  not  only  strongly  bent  upward  but  also 
reaches  the  upper  angle  of  the  tail,  nearly  as  in  Lepidosteus.  But 
in  the  half-grown  fish,  by  the  gi*owth  of  the  fin  rays  the  end  of  the 
notochord  ''no  longer  reaches,  by  a  long  way,  to  the  posterior 
superior  angle  of  the  caudal  fin ;"  this  is  the  condition  of  things 
in  Amia. 

It  may  be  said,  therefore,  that  the  Teleostean  tail  does  not  simply 
begin  where  the  Ganoid  tail  leaves  off,  but  actually  overlaps  it ; 
the  two  earlier  stages  of  the  former  being  represented  by  the  tails 
of  Lepidosteus  and  Amiay  the  latter  genus,  as  has  been  already 
stated,  being  regarded  as  the  most  teleosteoid  of  Ganoids. 

Liitken  has  remarked  (16,  832)  that  ''in  general  an  evident 
progress  from  the  heterocercal  to  the  so-called  homocercal  or  fan- 
like tail  may  be  observed  running  parallel  to  the  progress  of  the 
geological  epochs." 

The  transformation  of  the  tail  of  Lepidosteua  so  far  as  already 
known,  would  have  furnished  an  embryological  parallel  to  the 
structural  and  geological  series ;  while  the  earlier  condition  here 
first  described  enables  us  to  extend  the  comparison  to  the  proto- 
cercal forms  of  which  some  are  among  the  oldest  known  fishes  and 
others,  now  living,  are  either  the  lowest  of  vertebrates  or  manifest 
such  striking  relations  with  other  classes  as  to  have  received  the 
name  "generalized  Ganoids." 

in. — The  transformations  of  the  pectoral  fins  of  Amia  and 
Lepidosteus. 

Bafinesque^^  described  a  small  gar-pike  under  the  name  Sarchi" 

IT  journ.  «o.  nat  sol.,  PhUnd.,  1818,  toI.  I,  put  II,  p.  418. 
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ru8  because  the  pectorals  consisted  of  a  membrane  rising  from  a 
fleshy  lobe. 

Agassiz  (9,  360 ;  3,  58)  has  shown  that  this  form  of  pectoral  is 
characteristic  of  the  young  Lepidosteus.  DumSril  (4,  320)  quotes 
Agassiz'  observations  but  makes  no  comment  upon  them.  No 
other  systematic  work,  so  far  as  I  know,  contains  any  reference  to 
the  fact. 

Since  Huxley  (6,  24),  has  proposed  a  new  sub-order  of  Ganoids, 
Crossopterygia,  mainly  '4n  consideration  of  the  peculiar  manner 
in  which  the  fin  rays  of  the  paired  fins  (the  pectorals  and  usually 
the  ventrals)  are  arranged  so  as  to  form  a  fringe  round  a  central 
lobe,"  it  is  desirable  to  ascertain  whether  the  early  stages  of  other 
Ganoids  exhibit  similar  features. 

This  is  certainly  the  case  with  all  the  young  Lepidosteus  above 
described,  including  the  largest.  Moreover,  in  any  minute  de- 
scription of  the  adult  L.  platystomus^  the  pectoral  fins  would  be 
distinguished  from  the  ventrals  by  the  existence  of  a  decided 
fleshy  rounded  lobe  at  their  base. 

In  the  smallest  gar  (Fig.  1,  P)  the  fringe  forms  little  more  than 
one-third  the  whole  length  of  the  fin.  As  the  fish  grows  the  lobe 
becomes  rather  longer  and  narrower,  but  the  fringe  increases  so 
much  more  rapidly  as  to  render  the  former  comparatively  incon- 
spicuous in  the  adult. 

The  pectorals  of  Amia^  even  the  adult,  have  a  fleshy  lobe.  In 
the  smallest  specimen  already  alluded  to,  the  length  of  the  whole 
fin  is  10"*°*-  and  the  basal  lobe  forms  one-fifth  of  this,  2'^ 

So  far  as  regards  external  form  alone,  both  Amia  and  LepidoS' 
teus  must  be  regarded  as  having  lobate  or  fringed  pectoral  fins. 

But  the  significance  of  this  fact  depends  largely  upon  two  other 
considerations.  1.  Is  the  structure  of  the  fin  identical  with  that 
of  Pdypterus  and  the  other  forms  included  among  the  Crossop- 
terygia?   2.  Is  the  lobe  necessarily  covered  by  scales? 

It  is  so  covered  in  Polypterus  and,  as  I  infer,  in  the  fossil  genera. 
But  I  have  not  found  scales  upon  the  lobe  in  even  the  adult  Amia 
and  Lepidosteus. 

Since,  however,  all  those  forms,  like  the  young  Lepidosteus^ 
were  probably  scaleless  when  young,  it  would  seem  that  not  much 
weight  should  be  assigned  to  the  lack  of  scales  in  the  adult. 


168  B.      NATURAL  HISTORY. 

lY. — On   the  brains  of  Amia,  Lepidosteus,  Acipenser  and 

POLYODON. 

There  is  a  wide  difference  of  opinion  among  zoologists  respect- 
ing the  limits  of  the  group  commonly  known  as  Ganoids,  and  its 
relations  with  the  other  fishes,  and  the  higher  Vertebrates.  To 
the  group  as  originally  defined  by  Agassiz  and  Miiller,  including, 
with  many  fossil  forms,  the  living  Lepidosteus^  Polypterus  and 
sturgeons  {Acipenser ^  ScaphyrhynchtLS  and  Polyodon)^  Amia  was 
soon  added,  and  Agassiz  was  even  inclined  to  adjoin  the  Siluroids, 
the  Plectognaths  and  Lophobranchs.  Prof.  Gill  (12)  considers 
that  "the  Polypterids  (Crossopterygia  of  Huxley)  and  Dipnoans" 
{Lepidosiren^  Protopterus  and,  probably,  Ceratodus)  exhibit  so 
many  characters  in  common  that  they  are  not  even  entitled  to  sub- 
classical  distinction.  Dr.  Gunther  (19)  considers  the  Dipnoi  as  a 
sub-order  of  Ganoids,  and  unites  these  with  the  Selachians  as  a 
sub-class  of  fishes,  Palseichthyes.  Liitken  (16)  goes  to  the  other 
extreme  and  excludes  from  the  Ganoids  not  only  the  sturgeons 
but  also  Amia.^  Cope  (17,  582)  does  not  recognize  the  group 
at  all. 

It  will  be  observed  that,  for  determining  the  limits  and  relations 
of  Ganoids,  naturalists  have  appealed  to  the  scales,  to  the  dermal 
ossifications  upon  the  head,  to  the  skull  and  skeleton  in  general, 
to  the  limbs,  to  the  spiral  intestinal  valve,  and  the  multivalvular 
and  rhythmically  contractile  bulbus  arteriosus. 

The  embryology  of  the  typical  Ganoids  is  wholly  unknown,  and 
this  most  valuable  aid  in  classification  is,  therefore,^  not  at  present 
available. 

The  only  brain  character  which  has  entered  into  the  discussion 
is  the  chiasma  of  the  optic  nerves.  In  this  the  Ganoids  differ  from 
the  Teleosts  and  Myzonts,  and  agree  with  the  Selachians  and 
higher  Vertebrates ;  but  the  general  aspect  of  the  brain  is  more 
nearly  that  of  the  Teleosts. 

It  does  not  appear  however  that  any  detailed  comparisons  have 
been  made  between  the  brains  of  Ganoids  and  those  of  other  fishes 
and  the  higher  Vertebrates ;  and  Prof.  Gill  who  alludes  (12)  to 
"  the  superior  taxonomic  value  of  modifications  of  the  brain  and 

u  Ltttken  makes  no  reference  to  the  brain,  and  his  characters  seem  to  be  in  other  re- 
spects defective.  Bnt  (p.  336)  he  admits  the  possibility  that  future  discoveries  maj 
some  day  demonstrate  to  us  unknown  bonds. 
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heart  in  other  classes  of  Vertebrates,"  does  not  refer  to  any  other 
feature  than  the  optic  chiasma  already  mentioned. 

Having  reasons,^^  other  than  those  derived  from  the  extreme 
diversity  of  conclusions  already  referred  to,  for  believing  that  a 
careful  study  of  their  brains  will  throw  light  upon  the  limits  and 
classification  of  Ganoids,  I  have  this  summer  (1875)  made  numer- 
ous preparations  of  the  brains  of  the  four  American  genera,  Amiay 
JLepidoateus^  Acipenser  and  Polyodon^  comparing  them  with  each 
other  and  with  the  figures  and  descriptions  of  Ganoid  brains  to 
which  I  have  had  access. 

Since,  in  comparison  with  the  preparations,  none  of  the  pub- 
lished figures  and  descriptions  are  wholly  satisfactory,  I  here  refer 
to  them  in  detail. 

Apparently  the  earliest  figure  of  a  ganoid  brain  is  that  by 
Stannius  (32)  of  the  sturgeon's  brain.  It  seems  to  be  a  correct 
representation,  and  fairly  indicates  the  features,  which,  according 
to  the  Views  I  have  reached,  are  characteristic  of  the  brains  of  all 
Ganoids.  But  no  especial  attention  is  drawn  to  them,  and  the 
nomenclature  of  the  two  anterior  pairs  of  lobes  has  not  been  ac- 
cepted by  later  authors.  Stannius  calls  the  fir&t  pair,  ftom  which 
arise  the  olfactory  nerves,  the  olfactory  tuberdes,  and  the  second 
pair,  which  most  authors  call  hemispheres  (but  which  I  believe  to 
be  specially  developed  portions  of  the  thalami),  the  olfactory  lobes. 
He  thus  recognizes  no  cerebral  hemispheres  at  all,  and  makes  no 
comparison  between  the  sturgeon's  brain  and  those  of  other  fishes, 
or  the  higher  Vertebrates. 

It  is  to  be  noted  that  this  nomenclature  of  the  two  anterior 
pairs  of  lobes  corresponds  with  that  which  Gottsche  had  applied 
to  the  brains  of  osseous  fishes,  in  1835.  This  author  (30,  445) 
enumerates  the  various  names  which  had  been  given  to  the  hinder 
and  larger  pair,  and  concludes  that  they  are  the  olfactory  lobes, 
the  anterior  pair  being  olfactory  tubercles.  Gottsche  cites  Des- 
moulins  and  Serres  as  regarding  the  so-called  olfactory  lobes  as. 
cerebral  lobes,  which  name  has  since  been  more  commonly  em- 
ployed. Gottsche  makes  no  definite  allusion  to  the  brains  of  other 
fishes  than  the  Teleosts. 


u  Based  npon  the  probability  that  sach  an  organ  as  the  brain  would  be  most  exempt 
from  modifications  by  external  agencies  in  the  progress  of  evolution,  and  would  thus 
manifest  more  uniformity  of  stmctura  throughout  the  more  comprehensive  groups 
than  would  the  digestive  organs,  the  skeleton  or  limbs.   Compare  Agaasiz,  49,  II,  368). 
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In  1844  Johannes  Miiller  figured  (18)  the  brain  of  Polypterus 
from  above,  from  below,  ft*om  the  side  and  in  single  cross  section, 
through  the  pair  of  lobes  next  to  the  anterior. 

There  can  be  no  better  illustration  of  the  slight  importance  as- 
cribed at  that  time  to  the  brain  for  taxonomic  purposes  than  the 
insufficient  of  figures  and  very  brief  descriptions,  which  the  great 
ichthyologist  devoted  to  the  brain  of  a  typical  Ganoid.  He  says 
(p.  139)  '^Das  Gehirn  der  Ganoiden  ist  eigenthumlich  und  unter- 
scheidet  sich  von  dem  der  Enochenfische  und  Plagiostomen." 
Yet  his  description  of  the  brain  (p.  140)  and  r6sum6  of  the  charac- 
ters (p.  141)  give  us  only  the  optic  chiasma,  a  feature  which  the 
Plagiostomes  share  with  the  Ganoids.     (See  also  41,  24.) 

Miiller  enumerates  the  cerebellum  and  the  optic  lobes,  the 
^'lobus  ventriculi  tertii"  (corresponding  to  the  thalamus  of  higher 
vertebrates)  the  hemispheres,  olfactory  lobes  and  olfactory  nerves. 
Although  commenting  upon  the  general  resemblance  of  the  brain 
to  that  of  the  sturgeon  he  does  not  call  attention  to  the  different 
determination  which  he  makes  of  the  two  anterior  pairs  of  lobes. 

In  the  following  year  Busch  (29)  published  figures  of  several 
Ganoid  brains. 

This  work  I  have  not  been  able  to  obtain.  But  if  the  figures  of 
the  brains  of  the  sturgeon  and  the  Cliimera^  copied  by  Owen  (24, 
I,  figs.  173  and  179),  are  fair  examples,  the  work  did  not  materi- 
ally advance  the  knowledge  of  either  the  form,  the  structure,  or 
the  homology  of  the  ganoid  brain. 

The  paper  of  HoUard  (34)  admits  three  types  of  brains,  the 
teleosteauj  the  plagiostome  and  the  cydoatome.  It  is  not  clear  to 
which  of  these  types  he  would  refer  the  ganoid  brain. 

In  1848,  a  pupil  of  Miiller,  H.  Franque,  figured  (10)  the  brain 
of  Amia  from  above  and  below  with  separate  views  of  the  optic 
chiasma.  He  makes  no  comparisons  with  other  brains,  and  his 
description  is  a  simple  enumeration  of  the  lobes  according  to  the 
usual  nomenclature,  the  two  anterior  pairs  being  olfactory  lobes 
and  hemispheres  respectively. 

Dum^ril  (4,  pi.  20),  copies  from  Phillippeaux  and  Yulpian 
figures  of  a  sturgeon's  brain  from  above  and  below.  He  makes  no 
original  observations.  The  so-called  hemispheres  are  shown  as 
solid  rounded  masses  without  eversion  of  the  dorsal  borders,  and 
the  olfactory  lobes  as  solid  without  even  the  orifices  distinctly  por- 
trayed, though  not  interpreted,  by  Stannius  and  Busch. 
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In  1864,  Mayer  (40)  published  fignres  of  a  large  iiuml)|sr  of 
fishes'  brains,  as  illustrations  of  his  idea  that  by  the  relative  size 
and  more  or  less  intimate  connections  of  the  brain-lobes,  fish-like 
forms  could  be  divided  into  Pisces  Mesencephali  (Teleosts),  and 
Pisces  Proencephali  (all  others  including  Dipnoans).  The 
eighty-four  figures  of  Teleost  brains  are  mostly  original;  they 
usually  present  only  the  upper  surface  and  vary  in  the  degree 
of  their  accuracy.  Judging  by  comparison  with  preparations  of  the 
same  species. 

The  Myzont  brain  is  represented  by  Miiller's  figures  of  Myxine 
and  Bdellostoma,  and  by  an  original  and  very  good  figure  of  Fetro- 
myzon  marinus.  His  interpretation  of  the  parts  difiers  from  both 
Miiller's  and  my  own. 

Among  Selachian  brains  are  copies  of  Oaleus  and  Callorhynchua 
from  Busch,  and  of  Torpedo  from  Savi ;  the  author  adding  a  festal 
Oaleus^  a  Zygoena,  Squatina^  Baiaj  Scymnus  and  Chimera;  all 
are  shown  from  above.  Chimera  alone  shows  the  olfactory  lobes ; 
the  separation  of  these  from  the  rest  of  the  brain  in  the  figure  is 
not  referred  to  in  the  text  or  regarded  by  others  who  have  copied 
the  figure. 

The  brain  of  Protopterus  is  seen  from  the  side  in  a  copy  of 
Owen's  figure  and  from  above  in  that  of  Peters. 

Mayer  copies  Busch's  figure  of  the  brain  of  Lepidosteiia  semi- 
radiatus^  and  by  its  side  gives  an  original  figure  of  that  of  L. 
osseus  without  commenting  upon  the  great  difference  and  form  and 
relative  size  of  parts ;  both  are  inaccurate. 

Similar  unexplained  discrepancies  appear  between  the  original 
figures  of  the  brains  of  Acipenser  sturio  and  liiUhenus,  while  that 
of  Polyodon  agrees  neither  with  them  nor  with  the  preparations 
made  by  me.  There  are  copies  of  Miiller's  figure  of  the  brain  of 
Polypterua  and  of  Franque's  of  that  of  Arnia*  None  of  these 
figures  indicate  the  existence  of  a  lateral  ventricle  or  a  foramen  of 
Monro. 

The  Ganoids  together  with  the  Dipnoans  are  called  Hemiepen- 
cephali.  The  Holo-ganoidei  include  Aciper^er  and  Lepidosteus^ 
while  the  Hemi-ganoidei  embrace  Amiaj,  PolypteruSj  Protopterus 
and  Polyodon. 

While  sympathizing  with  Mayer  in  hi6  attempt  to  follow  out  the 
earlier  suggestion  of  Cams,  and  make  the  brain  the  basis  for  a 
subdivision  of  fishes,  I  am  compelled  to  say  that  his  determination 
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of  homologies  and  discrimination  of  groups,  as  founded  upon  the 
external  aspect  of  preparations  (some  of  which  certainly  are 
badly  preserved)  do  not  stand  the  test  of  a  careful  structural 
comparison.  A  smaller  number  of  figures  of  sections  or  dissec* 
tions  of  a  few  typical  forms  would  have  more  materially  aided  our 
comprehension  of  the  brains  themselves  and  of  the  zoological 
relations  of  the  fish-like  Vertebrates. 

In  1S68  appeared  a  paper  upon  the  comparative  anatomy  and 
development  of  the  brain  by  Miklucho-Maclay  (41).  ^^ 

This  author  regards  the  brain  of  Selachians  as  typical,  and  bases 
his  determination  of  homologies  upon  the  comparison  of  vertical 
longitudinal  sections  of  the  brains  of  an  embryo  shark  {ffeptanr 
chus)  and  a  goat.  He  concludes  that  the  cerebellum  of  the  shark 
is  a  narrow  bridge ;  that  the  convoluted  mass  just  in  front,  which 
is  usually  regarded  as  the  cerebellum,  represents  the  optic  lobes ; 
that  the  optic  lobes  are  really  the  thalami  (zwischenhirn) ;  and 
that  the  hemispheres  (vorderhim)  are  only  partly  separated  from 
each  other. 

Bcmarking,  in  passing,  that  Miklucho-Maclay  offers  no  sufficient 
reason  for  the  interpretation  of  the  hinder  lobes  of  the  brain,  I 
would  call  attention  to  the  fact  that  the  embryo  shark  was  130"*"* 
(more  than  5  inches)  in  length,  and  that,  as  shown  by  the  figure, 
the  so-called  vorderhim  had  already  nearly  filled  up. 

His  diagram  of  a  typical  brain  (Fig.  1)  is  not  readily  or  closely 
comparable  with  any  fish-brain,  as  it  seems  to  me ;  and  since  the 
author  adopts  Miiller's  statement  respecting  the  slight  extent  of 
the  ventricles  in  the  Myzonts,  and  neither  describes  nor  figures 
any  part  of  the  brain  of  a  Ganoid  or  Teleost,  we  are  compelled  to 
regard  his  interpretation  of  homologies  throughout  the  branch  as 
open  to  doubt,  on  account  of  the  statement  that  the  hemispheres 
of  Ganoids  and  Teleosts  are  wholly  separated  (p.  560) ;  this  not 
being  the  case  in  any  fish-brain  excepting  that  of  Protopterus^ 
where  the  true  hemispheres  are  separate  as  in  Batrachians. 

Owen  (24, 1,  figs.  173  and  174)  figures  from  above  the  brains  of 
a  sturgeon  copied  from  Busch,  and  of  Lepidosteus  apparently 
original  and  very  imperfect.  In  both,  the  masses  just  in  front  of 
the  optic  lobes  are  called  prosencephala  (hemispheres).  But,  as 
there  figured,  the  outward  aspect  of  the  two  brains  is  so  dissimilar 

*>  This  paper  was  not  obtained  by  me  until  February,  1876.  The  delay  in  publica- 
tion of  this  paper  enables  me  to  insert  a  comment  upon  it. 
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and  so  little  indicative  of  their  real  structure,  that  the  eminent 
author  seems  not  to  have  thought  of  making  any  comparison  be- 
tween them.  The  openings  which  I  shall  show  to  be  the  "  foramina 
of  Monro"  are  represented  in  the  sturgeon's  brain  even  too  dis- 
tinctly, but  there  is  no  reference  to  them  in  the  text.  The  cerebel- 
lum of  the  sturgeon  is  described  as  a  ^'  simple  commissural  bridge 
or  fold"  according  to  its  outward  appearance,  whereas,  by  its  down- 
ward projection  into  the  optic  ventricle  as  a  thick  keelshaped  mass, 
the  cerebellum  has  a  very  considerable  bulk.  The  cerebellum  of 
the  gar-pike  is  figured  as  smooth  and  described  as  solid,  whereas 
it  is  really  hollow  and  presents  two  longitudinal  depressions. 

The  manual  of  Gegenbaur  (14)  contains  several  figures  of  fishes' 
brains.  Three  represent  vertical  longitudinal  sections  of  the  brains 
of  embryo  shark,  snake  and  goat,  which  are  apparently  original, 
although  the  first  resembles  that  of  Maclay.  Figures  of  the  brain 
of  Polypterus  are  copied  from  Miiller,  and  of  the  brain  of  a  shark 
from  Busch. 

Like  many  continental  anatomists,  Gegenbaur  subdivides  the 
brain  into  nach-,  hinter-,  mittel-,  zwischen-  and  vorder-hirn.  We 
have  no  good  English  equivalent  for  zwischenhim^  nor  do  the  other 
names  seem  to  aid  the  comprehension  of  the  brain  type  any  better 
than  the  ancient  and^convenient  latin  terms,  cerebellum^  lobi  optici^^^ 
hemispJierce^  thalamic  etc. 

In  the  present  case  the  nomenclature  of  the  several  brains  is 
not  homogeneous,  even  according  to  the  common  interpretation 
that  the  hemispheres  of  the  frog  and  other  aerial  Vertebrates  are 
represented  in  fishes  by  the  pair  of  solid  lobes  in  front  of  the 
optic  lobes,  or  in  sharks  by  the  single  median  mass  from  which 
arise  the  olfactory  crura.  The  optic  lobes  of  the  shark  are  called 
zwischenhirn,  and  those  of  Polypterus  mittelhirn;  and  in  the 
section  of  the  brain  of  the  embryo  shark  the  term  mittelhirn  is 
applied  to  the  larger  and  folded  anterior  portion  of  the  cerebellum, 
while  the  hinder  border  is  named  hinterhirn. 

Huxley  (7,  fig.  38),  figures  the  brain  of  Lepidosteus  osseus  from 
above  and  from  below.  In  accordance  with  the  plan  of  the 
"Manual"  it  is  not  stated  whether  the  figure  is  original. 

Huxley  follows  the  usual  nomenclature  in  making  the  two  pair 
of  lobes  in  front  of  the  optic  lobes  respectively  hemispheres  and 

31  Tho  ponderous  phrase  corpora  quadrigemina  is  rarely  employed  by  comparatiYe 
anatomists. 
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olfactory  lobes.  Bat  he  does  not  refer  to  the  figure  in  the  text, 
nor  does  he  mention  the  brain  as  likely  to  aid  either  at  present  or 
in  the  future  in  the  discrimination  between  the  Ganoids  and  the 
other  fishes. 

The  figures  and  descriptions  of  the  brains  of  Myzonts  (Marsi* 
pobranchs),  Teleosts,  and  Selachians  (Elasmobranchs)  are  hardly 
more  satisfactory.  With  none  of  them  is  any  effort  made  to  ascer- 
tain, by  a  structural  comparison,  the  extent  to  which  they  conform 
to  the  type  of  brain  commonly  recognized  among  the  air-breathing 
Vertebrates. 

This  is  the  more  noteworthy  because  by  far  the  clearest  presen- 
tation of  this  type  is  Airnished  by  the  figures  and  descriptions  in 
the  earlier  pages  of  the  same  work.  For  these  diagrams  indeed, 
as  for  so  many  others  which  bring  orderly  knowledge  out  of  cha- 
otic detail,  the  anatomist  is  greatly  indebted  to  Prof.  Huxley. 

In  this  brief  historical  survey,  considering  the  general  desire  to 
ascertain  the  extent  to  which  Ganoids  form  a  natural  group  separa- 
ble from  other  fish-like  forms,  one  is  struck  With  the  absence  of 
both  any  attempt  to  characterize  the  group  by  means  of  the  brain 
and  of  the  supposition  that  such  characterization  is  possible. 

Evidently  the  first  step  in  such  characterization  should  be  the 
identification  of  parts,  if  possible,  with  those  which  uniformly 
exist  in  the  brain  of  all  air-breathing  Vertebrates,  the  Batrachians, 
Reptiles,  Birds  and  Mammalia. 

The  ganoid  brains  upon  which  this  paper  is  based,  were  all  pre- 
pared by  myself  from  fish  just  taken  from  the  water.  The  diflfer- 
ence  between  these  preparations  and  some  previously  made  from 
specimens  which  had  been  transported  for  some  distance  or  kept 
for  a  time  in  spirit  before  the  heads  were  opened,  has  convinced 
me  that,  for  the  determination  of  doubtful  points  of  structure,  the 
brain  should  be  hardened  in  strong  alcohol  before  the  fish  has  been 
twenty-four  hours  out  of  water. 

The  published  figures  and  descriptions  of  ganoid  brains  with 
which  I  am  acquainted  appear  to  have  been  made  from  poorly 
preserved  specimens.  Moreover,  none  of  them  include  all  the 
views  (from  the  side  and  from  below  as  well  as  from  above)  and 
sections  (mesio-longitudinal,  and  transverse  at  several  points) 
which  are  necessary  to  the  presentation  of  the  real  stmcture  of  a 
brain.  With  no  other  organ  is  it  less  safe  to  trust  to  the  external 
form  and  appearance  of  the  several  lobes. 
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How  far  this  is  true  of  the  brains  under  consideration,  may  be 
seen  by  a  comparison  of  the  representation  (Plate  II,  fig.  7)  of 
the  mesial  surface  of  the  brain  of  Lepidosteus  osseus  with  the  fig- 
ures of  Huxley  (7,  fig.  38),  or  of  Owen  (24,  I,  fig.  174),  both  of 
which  seem  to  have  been  made  from  poorly  preserved  prepara- 
tions.^ 

The  gar-pike  from  which  was  taken  the  brain  here  represented, 
was  a  female,  1.3  meters  (about  four  and  one-half  feet)  in  length. 
The  brain,  as  is  usual  with  this  species,  and,  so  far  as  I  know,  with 
all  adult  Ganoids,  was  covered  by  a  layer  of  connective  tissue. 
This  envelope  is  fatty  and  yellowish  in  Acipenser;  jet  black  and 
very  abundant  in  Polyodon,  the  brain  of  which  does  not  nearly  fill 
the  cavity ;  moderate  in  amount,  and  light  colored  in  Amia  and 
Lepidosteus.  In  the  young  of  these  latter,  less  than  120°^*  long, 
no  envelope  exists,  the  brain  quite  filling  the  cerebral  cavity.  It 
would  be  interesting  to  ascertain  at  what  period  commences  the 
increase  in  the  brain  case  of  Polyodon, 

The  brain  is  represented  enlarged  two  diameters.^ 

The  description  of  the  brain  of  Lepidosteus  will  be  more  readily 
followed  if  we  first  refer  to  the  general  type  of  brain  as  found  in 
Batrachians,  Reptiles,  Birds  and  Mammals. 

The  best  figures  and  descriptions  of  this  type  of  vertebrate 
brain,  are  those  of  Huxley  (24,  figs.  19  and  20),  which,  with  un- 
important changes  are  reproduced  on  figure  15.^* 

According  to  Huxley's  description  the  brain  begins  as  three 
median  vesicles,  whose  cavities  are  continuous  with  the  central 
canal  of  the  spinal  cord.  The  hinder  vesicle  thickens  below  to 
become  the  medvMa  oblongata  (M).  It  opens  above  to  form  the 
fourth  ventricle  (4)  and  a  bridge  over  the  anterior  part  of  this 
ventricle  is  the  cerebellum  (C).  The  middle  vesicle  becomes  the 
optic  lobes  ("corpora  quadrigemina"  of  anthropotomy)  ;  its  cavity 
may,  as  in  Batrachians,  remain  as  a  wide  space,  the  optic  ventricles^ 
or  be  narrowed  to  a  mere  "aqueduct  of  Sylvius"  or  passageway 
(i)  from  the  fourth  ventricle  behind  to  the  third  ventricle  in  front. 

**  It  is  not  straDge  that  Europeans  have  been  obliged  to  content  themselyee  with 
imperfecUy  preserved  brains  of  American  fishes.  But  it  is  little  to  the  credit  of  our 
native  zoologists  that  they  have  not  long  ago  Investigated  tbe  structure  and  develop- 
ment of  the  forms  peculiar  to  this  continent. 

^  Some  parts  would  be  more  advantageously  shown  upon  a  still  larger  scale.  Most 
fishes'  brains  can  hardly  be  understood  if  figured  of  the  natural  sice. 

M  For  the  use  of  these  figures  I  am  indebted  to  Hessrs.  Sates  and  Lauriat  of  Boston. 
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This  third  ventricle  is  the  cavity  of  the  anterior  vesicle,  and  its 
lateral  walls  become  the  thcdami  {Th).  But  from  each  side  in 
front  there  is  produced  a  hollow  bad  which  enlarges  so  as  to  be- 
come the  cerebral  hemisphere  (H).  From  the  front  of  each  hemis- 
phere a  second  bud  is  produced,  the  olfactory  lobe  (01).  The 
cavity  of  each  hemisphere  is  a  lateral  (first  or  second)  ventricle^ 
(LV)  and  the  cavity  of  the  olfactory  lobe  is  the  olfactory  ventricle. 
The  constricted  communication  between  each  lateral  ventricle  and 
the  median  third  ventricle  is  known  as  the  ^^ foramen  of  Monro" 
(FM),  Median  dorsal  and  ventral  outgrowths  from  the  thalamus 
vesicle  become  respectively  conarium  (^'pineal  body,"  Co)  and 
infundibulum,  the  connection  of  which  with  the  hypophysis  (Hy) 
is  now  regarded  as  secondary  (43,  92). 

The  thin  anterior  wall  of  the  anterior  vesicle  between  the  hemis- 
phere-buds, remains  as  the  lamina  terminals  {Lt)  the  'Mamina 
cinerea"  of  anthropotomy.  The  corpus  stricUum  is  a  thickening 
of  the  outer  walls  of  the  hemisphere  (OS).  The  various  trans- 
verse and  longitudinal  coinmissures  corpus  callosum^  anterior  com' 
missure,  fornix  and  pons  Varolii,  probably  do  not  exist  in  fishes 
and  need  not  here  be  described. 

Taking  for  granted  the  sequence  of  principal  ganglia,  medulla, 
cerebellum,  optic  lobes,  thalami,  hemispheres  and  olfactory  lobes, 
no  difficulty  is  met  in  recognizing  the  three  first  named  in  the 
brain  of  Lepidosteus.  But  the  appearance  of  these  in  the  section 
differs  considerably  from  the  idea  conveyed  by  the  figures  of  the 
brain  from  above  and  below.  The  fourth  ventricle  (IV)  extends 
farther  back,  and  has  no  bridge  across  its  anterior  end  as  in 
Huxley's  figure.  In  this  species  the  hinder  end  is  quite  sharply 
pointed.  But  in  a  smaller  gar  from  Wisconsin,  not  yet  identified, 
the  ventricle  is  shorter,  its  borders  are  raised  and  everted,  and  the 
hinder  extremity  less  sharp.  The  borders  also  approach  each 
other  quite  nearly,  just  behind  the  cerebellum,  which,  with  a  poorly 
preserved  preparation,  might  lead  an  artist,  not  an  anatomist,  to 
regard  them  as  normally  continuous.^ 

If  figure  7  be  held  with  the  olfactory  lobe  upward,  then  the  sec- 
tion of  the  entire  cerebellum  may  be  compared  to  a  letter  S,  the 
lower  curve  larger  and  its  substance  thicker  than  the  upper. 

The  lower,  or,  if  the  figure  be  replaced  in  the  horizontal  posi- 

u  Huxley'8  figure  purports  to  be  of  the  brain  of  L,  aemiradiatua,  Ag.  GUnther  re- 
gards this  as  a  synonym  of  L,  osaeui. 
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tion,  posterior  curve,  represents  the  cerebellum  proper.  The 
anterior  curve  corresponds  to  the  "valve  of  Vieussens"  of 
anthropotomy,  and  to  the  "fornix  of  Gottsche"  referred  to  by 
Huxley  in  his  description  of  the  brain  of  Teleosts  (7,  142). 

This  part  is  about  one-half  the  thickness  of  the  cerebellum 
itself,  and  it  becomes  an  exceedingly  thin  lamina  where  it  joins 
the  overhanging  posterior  border  of  the  optic  lobes.  The  cere- 
bellar ventricle  is  quite  extensive,  its  vertical  diameter  being  more 
than  twice  and  its  longitudinal  diameter  mOre  than  thrice,  the 
thickness  of  the  lamina  by  which  it  is  surrounded. 

About  midway  between  the  posterior  rounded  border  of  the 
cerebellum  and  the  free  thin  edge  of  its  anteverted  portion  upon 
the  ventral  aspect,  is  a  low  ridge.  Laterally  this  is  in  apposition 
with  a  corresponding  everted  edge  of  the  medulla. 

The  dorsal  surface  of  the  cerebellum  presents  on  each  side  a 
rather  deep  furrow  separating  the  median  rounded  portion  from 
the  peduncle  on  each  side. 

The  "aqueduct  of  S3'lvius*'  {AS)  is  a  rather  contracted  passage 
from  the  fourth  ventricle  to  the  ventricle  of  the  optic  lobes. 

The  dorsal  aspect  of  the  optic  lobes  inclines  downward  and 
forward  at  about  the  same  angle  as  that  at  which  the  cerebellum  in- 
clines backward.  The  thickness  of  the  cut  surface  is  about  the 
same  as  that  of  the  "fornix  of  Gottsche,"  but  the  anterior  margin 
is  slightly  thickened  and  rounded.  At  this  point  the  expanded 
optic  ventricle  ( 0  V)  opens  forward  by  a  contracted  aperture  sur- 
rounded by  a  flaring  lip.  The  conarhim  or  pineal  body  ((7)  lies 
just  in  front  of  this  aperture. 

So  far  there  seems  no  reasonable  cause  for  doubting  the  correct- 
ness of  the  commonly  accepted  nomenclature.  But  the  anterior 
half  of  the  brain  of  Lepidosteus  presents  serious  difficulties  in 
the  way  of  strict  comparison  with  the  brains  of  the  higher  Verte- 
brates.2® 

The  form  and  connections  of  the  parts  marked  2,  3,  4,  cannot 
be  well  indicated  without  more  figures,  especially  cross-sections. 
These  I  hope  to  present  upon  another  occasion. 

The  third  ventricle  (III)  opens  downward  into  a  cavity  with 
walls  thicker  before  and  behind  but  thin  upon  the  sides.    It  ex- 

M  To  say  nothing  here  of  Uie  brains  of  the-  Myzonls,  Selachians  and  Teleosts,  with 
which  considerable  rectification  is  required,  as  wiU  be  shown  hereafter. 

A.  A.  A.  S.   VOL.   XXIV.     B.  (12) 
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tends  under  nearly  the  whole  width  of  the  brain  and  opens  down- 
ward by  a  median  slit  into  what  seems  to  be  a  plexus  of  vessels. 

The  hollow  lateral  lobes  are  what  Owen  calls  ^^hypoaria"  and 
Huxley,  with  most  authors, "  lobi  inferiores."  The  lower  solid  vas- 
cular mass  corresponds  to  what  is  commonly  called  the  pituitary 
body  or  hypophysis.  It  is  easily  detached,  and  is  not,  so  far  as  I 
am  aware,  represented  in  any  figure  of  a  Ganoid  brain. 

Fending  an  examination  of  the  brain  of  Lophius^  the  hypophy- 
sis of  which  lies  far  in  front  of  the  brain  connected  with  its  usual 
attachment  by  a  very  long  infundibulum,  I  am  inclined  to  regard 
the  lobi  inferiores  as  lateral  expansions'^  of  what  is  called  in 
.anthropotomy  the  tuber  cinereum. 

There  remain  to  be  described  the  two  pair  of  masses  which,  in 
L^idosteua  as  in  most  Teleosts,  are  placed  just  in  front  of  the 
optic  lobes.  They  are  at  the  present  time  usually  regarded  as 
representing  respectively  the  hemispheres  and  olfactory  lobes. 

According  to  the  type  of  brain  as  described  by  Huxley  and 
generally  accepted,  the  hemispheres  should  be  lateral  masses 
separate  from  each  other  and  each  containing  a  cavity,  the  lateral 
ventricle,  communicating  with  the  median  or  third  ventricle  through 
a  foramen  of  Monro. 

Tei,  80  far  as  I  am  awai^e,  no  such  condition  of  things  Jias  been 
figured  or  described  with  respect  to  tJie  brain  of  any  fish-like  form 
excepting  Protopterus  and  Lepidosiren.^     (See  Appendix.) 

In  the  brain  of  the  adult  Lepidosteus,  the  lateral  mass  marked 
PTh  is  a  solid  lamina  with  its  upper  or  dorsal  l>order  everted,  as 
seen  in  the  transverse  section  (Fig.  11).  The  mesial  surface  of 
its  rounded  dorsal  aspect  presents  two  furrows.  It  is  joined  with 
its  fellow  of  the  opposite  side  by  a  large  commissure  {B)^  and  by 
a  thinner  lamina  reaching  back  to  the  optic  chiasma. 

*7  Dr.  Cleland  (38, 20?)  regards  the  hypoaria  of  osseoas  flehes  -as  the  thalami,  and 
states  that  *^  in  yarious  fishes,  the  optic  nerves  arise  from  them  as  well  as  fVom  the  optlo 
lobes.*'  Dr.  Cleland's  learning  and  accuracy  are  such  that  I  would  not  reject  his  view 
upon  less  grounds  than  those  here  presented.  But  I  baye  not  observed  the  origin  of 
ithe  optic  nerves  A'om  the  hypoaria  In  any  flsh. 

»  Tiedemann  fi'ankly  admits  (35, 264),  that  '^  we  find  no  trace  of  lateral  ventricles  in 
the  osseous  fishes;**  he  regarding  the  so-called  hemispheres  as  the  corpora  striata  (p. 
S30).  Contrast  this  with  the  loose  statement  of  Vulpian  (31,  821),  "  on  trouve  parfois 
des  rudiments  de  ventricules  lateraux  dans  les .lobes  c^r^braux**  of  osseous  fishes. 

The  so-called  ventricles  of  Selachians  will  be  shown  hereafter  to  be  remnants  of  the 
third  ventricle ;  not  rudiments  of  the  first  and  second. 

>•  This  is  apparently  what  Gottsche  called  in  osseous  fishes,  "  commissura  laterlob- 
ttlaris." 
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Just  in  front  of  each  of  these  lobes  is  a  rounded  orifice  opening 
obliquely  outward  and  forward  into  the  base  of  the  anterior  or 
olfactory  lobes. 

This  orifice  is  wholly  invisible  from  above  or  below  or  from  the 
outer  side,  and,  although  figured  by  Stannius  in  the  sturgeon, 
seems  to  have  attracted  no  attention  from  those  who  have  studied 
Ganoid  brains. 

It  leads  into  a  cavity  which  extends  the  whole  length  of  the  so- 
called  olfactory  lobe,  and  is  about  1°*°^  in  diameter. 

As  this  is  the  only  lateral  opening  from  the  median  ventricle 
there  seems  to  be  no  escape  from  the  conclusion  that  it  is  the 
*^  foramen  of  Monro,"  and  that  the  cavity  into  which  it  leads  is, 
wholly  or  in  part,  the  lateral  ventricle. 

Where  then  are  the  hemispheres? 

The  mesial  border  of  the  foramen  of  Monro  is  slightly  raised, 
so  as  to  be  distinguishable  upon  close  inspection  from  the  olfac- 
tory lobe.  Still  it  is  very  small,  and  upon  a  poorly  preserved 
specimen,  or  under  a  brief  examination  it  might  escape  notice 
altogether. 

But  if  the  corresponding  parts  of  other  Ganoid  brains  be  care- 
fully examined,  they  will  be  seen  to  present  the  same  foramen, 
while  in  all  of  them  the  anterior  lip  is  decidedly  broader,  present- 
ing the  appearance  of  a  separate  lobe.     See  figures  8,  9,  10. 

Shall  we  conclude  that  the  hemisphere  and  olfactory  lobe  are 
undifferentiated,  or  regard  the  lip  already  described  as  a  rudimen- 
tary hemisphere.  This  latter  is  the  conclusion  to  which  I  am 
inclined. 

It  involves,  as  a  corollary,  the  interpretation  of  the  lateral 
masses  between  the  optic  lobes  and  those  just  described,  as  repre- 
senting the  whole  or  some  part  of  the  thalamic  or  lobi  ventriciUi 
tertii. 

In  Lepido8teu8  one  would  be  inclined  to  regard  the  lateral 
masses  as  the  whole  thalamus.  But  in  Amia  the  distance  between 
the  front  of  the  optic  lobes  and  the  hinder  surface  of  these  masses 
equals  that  of  the  masses  themselves.  In  Polyptenia  likewise,  as 
figured  by  Miiller,  it  is  considerable.  In  Chimera  what  seems  to 
be  a  corresponding  region  is  very  much  elongated.  In  most 
Selachian  brains  it  is  quite  extensive. 

For  the  sake  of  distinction  therefore,  we  may  call  the  anterior 
lateral  masses  prothalami^  and  the  portion  connecting  them  with 
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the  brain  behind  the  crura  thcUamu  These  latter  seem  to  corres- 
pond to  the  thalami  of  the  higher  Vertebrates ;  the  third  ventricle 
lies  between  them,  the  conarium  above  and  the  hypophysis  below. 

Aside  from  the  adverse  opinions  of  all  aathors  (which,  however, 
are  of  less  importance  in  view  of  the  imperfection  of  the  material 
at  their  disposal)  the  only  objection  to  this  view  is,  that  it  makes 
the  hemispheres  so  much  smaller  than  either  the  thalami  or  the 
olfactory  lobes. 

It  is  to  be  remembered,  however,  that  mere  size  is  of  no  value 
for  the  determination  of  homologies.  The  cerebellum  is  recognized 
as  such  in  the  lamprey  and  the  salamander  because. it  is  a  bridge 
over  the  fourth  ventricle,  although  it  is  so  much  smaller  than  the 
corresponding  organ  of  the  bird  or  mammal. 

The  hemispheres  are  hardly  larger  than  the  optic  lobes  in  some 
Batrachians,  while  in  man  they  overshadow  all  the  other  parts. 

Now  the  hemispheres  are,  by  development,  mere  buds  from  the 
thalami,  yet,  as  may  happen  with  human  families,  the  offspring 
are  larger  than  the  parents.  In  like  manner,  in  the  Ganoid  brain, 
the  hemispheres  themselves  are  surpassed  in  size  by  their  buds, 
the  olfactory  lobes. 

But  while  regarding  the  view  here  advanced  as  based  upon 
sound  morphological  grounds,  the  large  size  and  convoluted  surface 
of  the  thalami  suggests  the  idea  that  they  may  in  some  way  func- 
tionally represent  the  hemispheres. 

For  the  determination  of  this  the  brain  should  be  examined 
microscopically  and  the  fibres  from  the  medulla  should  be  traced 
forward  into  the  several  lobes  as  has  been  done  with  the  frog  by 
Wyman  and  Stieda.  They  should  also  be  experimented  upon  by 
injury,  ablation  and  galvanic  stimulation. 

To  complete  the  evidence  we  should  find,  at  least  in  young  spec- 
imens, something  like  a  lamina  terminaliSj  connecting  the  rudimen- 
tary hemispheres  just  in  front  of  the  foramina  of  Monro.  No  such 
has  been  found  by  me  in  Amia  or  LepidostcfiSj  but  the  sturgeon 
and  Polyodon  present  a  transverse  curtain  with  foldings  upon  the 
deep  surface  resembling  those  of  the  curtain  oyer  the  fourth  vent- 
ricle of  Batrachians  and  lamprey-eels.  Though  not,  apparently,  of 
nervous  tissue,  it  may  nevertheless,  represent  the  lamina  terminalis. 
For  there  is  reason  to  believe  that,  in  the  course  of  development, 
many  parts  of  the  roof  of  the  primary  vesicles  may  become  merely 
connective  and  vascular  tissue. 
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In  a  young  Lepidosteus  151""^  long,  the  dorsal  borders  of  the 
prothalami  are  not  everted  as  in  the  adalt.  For  reasons  which 
will  be  understood  when  the  brains  of  Selachians  and  Myzonts  are 
described,  I  am  inclined  to  think  that  at  an  earlier  period  of  devel- 
opment the  dorsal  borders  were  united.  * 

Detailed  descriptions  of  the  brains  of  the  other  Ganoids  are  de- 
ferred until  figures  can  be  presented.  That  of  Amia  closely  re- 
sembles that  of  Lepidosteus^  especially  in  the  cerebellum.  The 
infundibulum  is  more  folded.  The  crura  thalami  are  considerably 
longer. 

The  brain  of  Acipensei^^  and  Polyodon  are  very  similar  in  both 
structure  and  general  appearance.  In  both  the  cerebellum  is 
apparently  a  narrow  bridge,  but,  as  seen  in  the  figure  of  Stannius, 
it  really  extends  far  forward  into  the  optic  ventricle, 'as  an  exag- 
gerated fornix  of  Gottsche.  The  walls  of  the  optic  lobes  are 
thicker  in  Polyodon  than  in  Acipenser.  The  brain  of  Scaphyrhyn-' 
chus  was  not  obtained  for  examination.  There  is  no  reason  for 
supposing  it  to  differ  essentially  from  that  of  Acipenser. 

MiJller's  figures  and  descriptions  of  the  brain  of  Polyptems  do 
not  allude  to  the  communication  between  the  median  ventricle  and 
the  olfactory  ventricles,  but  the  figures  are  quite  insufficient,  and 
pending  its  examination  with  reference  to  this  point,  we  may  infer 
that  it  agrees  with  Lepidosteus  in  this  respect  as  in  the  e version  of 
the  thalami. 

The  brain  of  Cdlamoichthys  is  not  known  to  me.  We  may  even 
more  naturally  infer  its  agreement  with  that  of  Polyptems. 

Provisionally,  at  least,  the  seven  genera,  Amia  and  Lepidosteus^ 
Polyptems  and  Calamoichthys^  Acipenser^  Scaphyrhynchus  and  Polr 
yodon^  may  be  associated  as  having  rudimerUary  hemispheres  in  the 
form  of  slightly  raised  borders  of  the  foramina  of  Monro  and  much 
smaller  than  the  olfactory  lobes;  large  prothalami  connected  below 
by  a  commissure  but  having  their  dorsal  borders  free  and  more  or 
less  everted;  an  optic  dhiasma;  a  rythmically  contractile  arid  multi' 
valvular  bulbus  arteriosus. 

Fig.  12  shows  a  mesial  section  of  what  seems  to  me  to  be  a 
typical  Ganoid  brain  with  cross  sections  at  characteristic  points. 

Let  us  now  see  whether  the  above  definition  includes  any  other 
Vertebrates. 

M  Three  species  of  this  genoB  were  ezaminedi  rubieundutf  axjfrhynekutf  and  one  u 
yet  undetermined. 
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Amphioxua  appears  to  have  only  a  medulla  with  a  fourth  yentri- 
cle.  The  part  in  front  of  the  ventricle  may  be  regarded  as  an  un- 
differentiated representative  of  the  brain  of  the  higher  Vertebrates 
(Langerhans  (44,  297)  says  he  finds  a  small  olfactory  lobe). 

In  Myxine  and  ^dellostoma^  Joh.  Miiller  (37),  found  no  ventri- 
cle in  front  of  the  fourth,  and  no  cerebellum.  In  a  somewhat  in- 
jured preparation  of  the  brain  of  Myxine^  I  find  what  seems  to  be 
a  thin  and  rudimentary  cerebellum ;  and  a  median  ventricle  which 
extends  forward  to  the  base  of  the  anterior  pair  of  lobes,  which 
Miiller  and  all  other  authors  regard  as  the  olfactory  lobes.  On 
each  side  at  this  point  is  a  slit-like  orifice  leading  into  the  cavity 
of  the  olfactory  lobe.  These  can  be  no  other  than  the  foramina 
of  Monro  and  lateral  ventricles.  The  hemispheres  are  hardly  dis- 
tinguishable from  the  olfactory  lobes.  The  larger  pair  of  lobes 
just  behind,  since  they  form  the  walls  of  a  median  ventricle  must 
be  regarded  as  the  undifferentiated  prothalami  and  thalami.  They 
differ  firom  those  of  Ganoids  in  being  connected  above  as  well  as 
below.  But  behind  them  are  the  conarium  and  the  orifice  of  the 
optic  ventricle  just  as  in  the  brain  of  Lepidosteus,  In  Petromyzon 
Miiller  found  (87)  the  third  ventricle  only.  In  several  welf  pre- 
served preparations  of  the  brain  of  the  large  sea-laroprey  (P. 
fnarinxis^  var.  Americanus)^  I  find  at  the  anterior  extremity  of  this 
median  cavity,  as  in  Myxine^  a  foramen  of  Monro  leading  into  the 
olfactory  or  lateral  ventricle.  The  thalami  are  closed  above  as  in 
Myxine.  The  distinct  lobes  which  project  just  behind  the  olfac- 
tory lobes  are  probably  hemispheres.     (See  Appendix.) 

Miiller  describes  the  optic  nerves  of  the  Myzonts  as  not  crossing 
at  all.  Upon  this  ground,  as  by  the  non-separation  of  the  thalami 
above  and  the  lack  of  several  rows  of  valves  in  the  bulbus  arte- 
riosus, they  differ  from  the  Ganoids.  In  figure  13  (M)  is  repre- 
sented a  cross  section  of  the  brain  of  Petromyzon  through  the 
thalami.     (See  Appendix.) 

The  Selachians  (here  restricting  the  term  to  the  sharks  and 
skates)  have  a  brain  which  is  really  only  a  complex  modification 
of  the  Lamprey's.  In  an  embryo  shark  (Mustelua  canis)  37°"" 
(about  1^  inches)  in  length,  that  part  which  gives  rise  to  the 
olfactory  crura  and  which  has  been  variously  interpreted  as  hemis- 
pheres alone,  hemispheres  and  thalami,  and  thickened  lamina  ter- 
minalis,  is  a  large  vesicle  with  thin  walls  and  a  single  cavity. 
This  communicates  behind  with  the  optic  ventricle  and  on  each 
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side  in  front  with  the  cavity  of  a  little  bud  which  is  in  contact  with 
the  nasal  sack.  The  vesicle  is  evidently  the  expanded  prothalamas 
closed  above  as  in  the  Myzonts.  In  the  adult  Selachians  (as  I 
hope  to  show  by  a  series  of  figures  at  a  future  time)  we  must 
suppose  the  original  median  cavity  to  have  gradually  filled  up  so 
as  to  leave  only  two  slender  passages,  near  the  lower  wall,  which 
start  from  opposite  the  optic  foramen  behind,  and  diverge  to  enter 
the  olfactory  ventricles  in  front.  The  degree  of  differentiation  of 
the  crura  thalami,  and  the  hemispheres,  will  be  more  fully  described 
hereafter.  In  some  forms  the  hemispheres  are  distinctly  con- 
stricted from  the  sides  of  the  nearly  solid  prothalamus.  Although, 
therefore,  the  optic  chiasma  and  multivalvular  and  contractile  bul- 
bus  and  some  other  characters  are  common  to  Ganoids  and  Sela- 
chians, the  prothalamus  is  open  in  the  former  and  closed  in  the 
]atter.  In  these  and  some  other  respects  the  contrast  between 
the  two  groups  is  noteworthy.  In  figure  13,  ES  represents  a 
cross  section  of  the  prothalamus  of  an  embryo  shark  and  AS  that 
of  an  adult. 

The  Holocephali  (Chimera  and  Callorhynchus)  are  commonly 
arrtinged  with  or  near  the  Selachians.  They  have  many  features 
in  common  and  the  intromittent  organs  upon  the  ventral  fins  are 
usually  regarded  as  very  important.  *Being  a  purely  sexual  appa- 
ratus we  may  question  whether  their  taxonomic  value  is  equal  to 
that  of  the  brain.  Not  having  had  the  opportunity  of  examining 
a  brain  31  I  can  only  judge  from  the  figure  by  Busch,  copied  by 

*>Ju8t  as  this  goes  to  press  I  am  enabled,  through  the  kindness  of  Mr.  Alex.  Agasslz, 
to  expose  and  examine  the  brain  of  a  well-preserved  male  Chimera  in  the  Museum  of 
Comparative  Zoology.  The  cerebellum  is  very  large  and  covers  the  optic  lobes,  but  is 
not  folded  transversely  as  in  most,  if  not  all,  adult  sharks  and  skates.  The  crora 
thalami  are  very  long  and  thin  and  united  ventrally  by  a  delicate  membrane  apparently 
only  pia  mater.  Anteriorly  each  cms  expands  into  a  prothalamus,  the  dorsal  border 
of  which  is  thin  and  slightly  everted.  This  prothalamus,  however,  instead  of  forming 
the  principal  anterior  mass  as  in  Ganoids,  is  overlapped  outside  by  a  laxge  and  elon- 
gated hemisphere  about  8*""-  in  height  and  15>>«-  in  length.  On  the  hinder  third  of  the 
mesial  surface  is  a  large  rounded  foramen  of  Monro,  4>»-  In  diameter.  The  lateral 
yentricle  extends  forward  into  the  olfactory  lobe.  Into  the  foramen,  and  occupying  its 
entire  area,  projects  a  thickening  of  the  outer  wall  of  the  hemisphere  which  may  rep- 
resent  a  primordial  corpus  striatum.  Just  in  ft'ont  of  the  foramen  the  ventral  borders 
of  the  hemispheres  are  connected  by  a  transverse  commissure.  I  greatly  regret  not 
having  been  able  to  examine  this  brain  before  presenting  this  paper.  It  seems  to  fUr- 
nish  an  actual  form  intermediate  between  the  apparenUy  distinct  types  represented  by 
the  brains  of  Selachians,  Ganoids  and  Dipnoans.  If  I  correctly  interpret  the  appear- 
ance of  a  partial  subdivision  of  the  elongated  mass  behind  the  olAictory  lobe  the  Chi- 
mera's brain  presents  a  more  equal  proportion  of  hemisphere  and  prothalamus  than 
exists  In  Ganoids  or  Teleosts,  where  the  former  seems  to  be  reduced  to  a  rudiment 
hardly  recognizable  as  such. 
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•  

Owen  (24,  fig.  179).  The  cerebellum  appears  like  that  of  the 
sharks  and  skates.  But  the  elongated  crura  thalami,  and  what 
seem  to  l)e  somewhat  expanded  prothalami,  and  the  rudimentary 
hemispheres,  indicate  a  close  simUarity  with  the  Ganoid  type. 
The  brain  should  be  carefully  reexamined,  and  that  of  a  very 
young  embryo  would  be  especially  valuable. 

The  figure  of  the  brain  of  Protopterus  (Owen,  25  and  24)  might 
be  taken  for  that  of  Menopoma  or  Menobranchtts.  It  has  no  appar- 
ent resemblance  to  either  the  Ganoid  or  the  Selachian  type.  There 
are  also  true  nostrils,  and,  according  to  Huxley  (7, 147),  a  small 
pulmonary  auricle.  These  characters  united  with  those  of  the 
brain  seem  to  offer  strong  grounds  against  the  association  of  the 
Dipnoi  with  the  Ganoids,  excepting  as  a  very  generalized  type 
combining  Ganoid  and  Batrachian  features.  The  brain  of  Cera- 
todus  has  not  been  described.^ 

Of  fish-like  forms  there  remain  the  Teleostei.  They  may  at 
once  be  distinguished  from  all  others  by  the  non-rythmically  con- 
tractile bulbus  provided  with  a  single  row  of  valves  and  by  the 
decussation  of  the  optic  nerves  without  a  chiasma.^ 

A  sufl9cient  number  of  Teleost  brains  has  not  yet  been  care- 
fully examined  to  enable  us  to  generalize  with  safety.  But  so  far 
as  they  are  known  we  may  characterize  them  as  having  solid  lateral 
masses  (prothalami),  their  dorsal  borders  separate  iind  sometimes 
everted,  and  with  the  olfactoiy  lobes  sometimes  in  contact  with 
the  prothalami,  sometimes  in  contact  with  the  olfactory  sacks  and 
connected  with  the  prothalami  by  more  or  less  elongated  crura. 

Since  this  paper  was  presented  I  have  found  small  foramina 
of  Monro  and  ventricles  in  Ferca  flavescens^  Anguilla  BostonU 
enaia  and  Scomber  vemalis.    They,  however,  are  much  smaller 

•>In  *' Nature"  for  Jan.  6th,  1876,  it  is  stated  that  Pi'of.  Haxley  described,  for  the 
first  time,  the  brain  of  CenUoduM  at  the  meeting  of  the  Zoological  Society,  Jan.  4th;  that 
he  showed  how  closely  it  resembled  that  of  Lepidosirtn^  and  that  in  some  points  it 
resembled  the  Selachian  rather  than  the  Ganoid  typo.  He  laid  especial  stress  upon  the 
affinities  of  the  animal  with  Chimera, 

Zo^SIogists  wiU  look  with  great  interest  for  this  paper  on  account  of  the  description 
and  figures  of  the  brain  of  a  form  which  has  aroused  so  much  discussion,  and  also  A>r 
the  morphological  and  taxonomic  considerations  which  can  hardly  fail  to  throw  great 
light  upon  the  relations  of  the  fish-like  Veitebrates. 

s<  Gottsche  (30,  476,  and  fig.  xsxiii),  refers  to  a  remarkable  variation  of  the  optic 
serves  described  by  Weber  (Meckel's  Archiv,  1872,  p.  317).  In  an  example  of  Clupea 
harengus  the  nerve  of  the  left  eye  was  pierced  by  that  of  the  right.  The  strticture  of 
the  chiasma  of  Ganoids  and  Selachians  should  be  carefully  examined  to  ascertain  how 
completely  the  fibers  cross,  or  interminglei  or  connect  the  eyes  and  lobos  of  the  two 
■ides  togethor. 
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than  in  Ganoids,  and  I  give  a  provisional  figure  (Fig.  14)  mainly 
for  the  purpose  of  calling  attention  to  the  point  where  they  are  to 
be  looked  for.  Probably  they  are  proportionally  larger  in  embryo 
brains.  They  may  become  wholly  obliterated  in  some  adults,  es- 
pecially those  with  olfactory  crura.  They  should  be  looked  for 
in  large  species,  as  Esox,  XiphiaSj  Hippoglossus,  etc.,  where  the 
olfactory  lobes  are  sessile.^^     * 

The  following  table  exhibits  the  above  mentioned  characters  in 
a  more  condensed  form.  But  it  must  not  be  inferred  that  the 
order  of  names  indicates  my  belief  respecting  either  their  rank, 
their  afiSuities,  or  geological  succession.  In  the  first  place  no 
linear  arrangement  can  do  this.  In  the  second,  while  the  Teleosts 
seem  to  most  perfectly  and  abundantly  embody  the  Jiah  idea  and 
their  geological  relations  and  the  structure  of  some  parts  would 
lead  us  to  place  them  highest  in  the  fish  series,  yet  the  non-ming- 
ling of  the  optic  nerves  and  the  very  embryonic  condition  of  the 
kidneys  as  compared  with  those  of  Selachians,^^  seem  to  place  them 
next  the  Myzonts. 

The  air-breathing  Vertebrates  are  added  in  order  to  complete 
the  series. 


Provisional  Arrangement  of  Vertebrates  according  to  Cere- 
bral AND  Cardiac  Characters. 

Leptocardii.  (Amphioxus),  Brain  not  difiTerentiated  from 
medulla.    Heart  a  contractile  tube. 

Mtzonts.  (Marsipobranchii).  Optic  nerves  do  not  cross 
(Miiller).  Single  median  nostril.  Hemispheres  smaller  than  ol- 
factory lobes.  Thalamus  and  prothalamus  not  distinctly  sepa- 
rated. Thalamus  closed  forward  and  dorsad.  Cerebellum  a 
narrow  and  thin  lamina;  perhaps  wanting  in  Myxinoids.  (See 
Appendix.) 

Selachians.  (Elasmobranchii.)  Optic  chiasma.  Rhythmically 
contractile  bulbus  arteriosus,  with  several  rows  of  valves.  Olfac- 
tory lobes  pedunculated.  Hemispheres  smaller  than  olfactory 
lobes.    Prothalami  and  thalami  distinct ;  the  latter  as  crura.     In 

MThe  brains  must  be  well  preserved. 
*•  Ab  recenUy  studied  by  Balfour  (38, 80). 
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embryo  the  prothalamns  a  thin-walled  vescicle,  with  a  single 
cavity  which,  in  adult,  is  reduced  to  two  canals  diverging  forward. 
Prothalamus  remains  closed  forward  and  dorsad.  Nostrils  in 
pairs,  but  do  not  enter  mouth.    Cerebellum  folded  transversely. 

HoLOCEPHALi.  Brain  combines  chai*acters  of  Selachians,  Ga- 
noids and  Batrachians.  Crura  tkalami  much  elongated.  True 
hemispheres,  larger  than  prothalami  or  olfactory  lobes.  Foramen 
of  Monro  very  large.  (The  last  two  sentences  have  been  added 
since  this  paper  was  read.    See  notes  31  and  36.) 

Ganoids.  Optic  chiasma.  Rhythmically  contractile  bulbns 
arteriosus  with  several  rows  of  valves.  Hemispheres  rudimentary. 
Olfactory  lobes  sessile.  Prothalami  separate  forward  and  dorsad, 
and  more  or  less  everted.  Cerebellum  with  no  transverse  folds. 
Foramina  of  Monro  large. 

Teleosts.  Optic  nerves  cross  but  form  no  chiasma.  Bulbus 
arteriosus  not  rhythmically  contractile  and  has  a  single  series  of 
valves.  Olfactory  lobes  sessile  or  pedunculated.  So-called  hemis- 
pheres are  probably  prothalami;  more  or  less  everted  as  in 
Ganoids,  and  separate  forward  and  dorsad.  True  hemispheres 
rudimentary  or  absent.  Foramina  of  Monro  and  lateral  ventricles 
small  or,  perhaps  in  some,  obliterated.  (Last  sentence  added 
since  this  paper  was  read.) 

DiPNOAKS.  Hemispheres  larger  than  olfactory  lobes.  Heart 
trilocular.  True  nostrils.  Optic  chiasma.  (Should  probably  be 
arranged  with  or  near  Batrachians  in  the  Series  of  air-breathing 
Vertebrates). 

Batrachians.  Hemispheres  larger  than  olfactory  lobes.  Heart 
trilocular.  Optic  chiasma.  No  corpora  striata  or  commissures. 
Walls  of  brain  thin  and  ventricles  large.    True  nostrils. 

Reptiles.  True  hemispheres.  True  nostrils.  Corpora  striata 
and  anterior  commissure.  Heart  trilocular  or  quadrilocular.  Right 
and  left  aortic  arches  persistent. 

Birds.    Same  brain  characters  as  in  Reptiles.    Heart  quadri- 
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locular.    Bight  aortic  arch  persistent.      (Birds  seem  to  be  an 
aberrant  group  of  Sauropsida.) 

Mammals.  Corpora  striata.  Anterior  commissure.  Corpus 
callosum.  Fornix.  Pons  varolii.  Heart  quadrilocular.  Left 
aortic  arch  persistent. 

By  characters  of  the  brain  alone  the  Ganoids  are  readily  sepa- 
rable from  all  other  Tertebrates.  From  the  Teleosts  they  differ  in 
respect  to  the  optic  chiasma ;  also,  so  far  as  now  known,  on  ac- 
count of  the  greater  size  of  the  lateral  ventricles  and  foramina  of 
Monro.^  But  differences  of  size  alone  are  not  reliable ;  and  our 
knowledge  of  the  structure  of  the  Teleost  brain  must  be  much  ex- 
tended before  final  generalizations  can  be  made. .  Meantime  it  is 
interesting  to  note  that  some  cerebral  characters  seem  to  associate 
the  Ganoids  with  the  Teleosts,  while  others,  with  cardiac  charac- 
ters, link  them  with  the  Selachians.  The  Teleosts  are  apparently 
an  aberrant  group,  like  the  Birds. 

Minor  modifications  of  the  brain,  together  with  those  of  the  tail 
and  air-bladder,  will  probably  furnish  the  basis  for  subdivision  of 
the  Ganoids.  The  brains  of  Amia  and  Lepidosteus  are  very  nearly 
alike,  and  both  seem  to  agree  in  all  essential  respects  with  that 
of  Polypterus^  and,  by  inference,  Calamoichthys.  The  brains  of 
the  Sturgeons'  resemble  one  another  more  closely  than  they  do 
those  of  the  other  genera,  but  all  agree  in  the  rudimentary  hemi- 
sphere, the  enlarged  prothalami,  and  the  position  of  the  foramen 
of  Monro. 

Reserving  for  the  present  any  discussion  as  to  the  separation  of 
Dipnoans  from  Batrachians,  and  of  Birds  from  the  other  Saurop- 
sida, the  groups  seem  to  readily  fall  into  five  categories.  The  first 
and  lowest  includes  Amphioxua  alone.  The  second  the  Myzonts 
and  Selachians,  whose  brains  are  differentiated,  but  have  not  yet 
assumed  the  distinctive  features  of  either  the  true  aquatic  or  the 
aerial  Vertebrates.  They  have  the  form  and  habit  of  fishes,  but 
their  brains  are  more  readily  comparable  with  those  of  Batra- 
chians. For  the  hemispheres  are  distinct,  though  small,  and  the 
thalamus  remains  closed,  instead  of  being  separated  forward  and 

M  At  the  time  this  paper  was  presented  I  had  not  been  able  to  And  these  openings 
in  any  Teleostean  brain,  and  therefore  supposed  that  their  existence  in  the  Ganoids 
formed  a  sliarp  distinction  between  the  two  gronps. 
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dorsad,  as  in  the  Teleosts,  the  Ganoids  and  Holocephali.  The 
Holocephali  cannot  yet  be  fully  characterized.  The  brain  presents 
a  very  generalized  condition.  These  and  the  other  characters 
may  be  more  distinctly  presented  in  tabalar  form. 

Series  v.    Hemispheres  well  de-  Series   TV.    Hemispheres   radl- 

yeloped;  larger  than  olfactory  lobes,  mentary  or  absent;  smaller  than 

Folmonary  auricle.    True  nostrils,  olfactory  lobes.    ProthalamoH  open 

Mammals.  forward  and  dorsad.    Dorsal  bor- 

Blrds.  ders  of  prothalami  more  or  less 

Reptiles.  everted.  Heart  bilocular.   Nostrils 

Batrachians.  do  not  enter  month. 

Dipnoans.  Teleosts. 

Ganoids. 

Series  III.  Holocephali.  Brain  presents  a  condition  intermediate  be- 
tween Series  II,  IV  and  Y. 

Series  II.  Hemispheres  distinct  but  smaller  than  olfactory  lobes.  Thal- 
amus not  open  forward  or  dorsad.  Heart  bilocular.  Nostrils  do  not 
enter  mouth. 

Selachians. 

Myzonts. 

Series  I.    Brain  not  diiferentiated  Arom  medulla.    Heart  tubular. 

Amphlozus. 

To  such  an  arrangement  of  vertebrates  as  the  above  the  palseon- 
tologist  would  naturally  object  upon  the  ground  that  it  includes 
no  osteological  characters  by  which  fossil  forms  may  be  collocated 
with  the  living. 

To  this  I  plead  guilty,  but  urge  in  extenuation  the  following : 

1.  The  argumentum  ad  hominem.  For  the  classifications  now 
in  vogue  make  little  or  no  reference,  or  that  of  the  most  unsystem- 
atic kind,  to  the  brain ;  and  osteological  characters  alone  would 
not  enable  us  to  define  embryos,  Myzonts,  or  Amphioxus  at  all. 

2.  The  above  does  not  pretend  to  be  a  complete  or  final 
arrangement.  It  is  an  effort  to  show  how  far  cerebral  and  cardiac 
characters  concur  with  each  other  and  with  the  results  of  a  previ- 
ous consideration  of  all  systems  of  organs.  Such  an  efiTort  could 
hardly  be  successful  before  the  brains  of  fishes  were  structurally 
homologized  with  those  of  the  air  breathing  Vertebrates. 

8.    I  should  be  willing  to  have  it  shown  that  I  had  made  some 
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mistakes  as  to  both  fact  and  interpretation,  for  the  sake  of  the 
advantages  which  I  am  confident  will  attend  the  careful  and 
systematic  reconsideration  of  our  present  methods  of  classification. 
These  last  are  almost  purely  empirical.  They  have,  as  in  the  case 
of  the  Ganoids,  led  to  the  most  diametrically  opposite  conclusions. 
Would  it  not  be  worth  while  to  enquire  whether,  from  both  analogy 
and  experience,  cerebral  and  cardiac  characters  are  not  more  trust- 
worthy  for  the  discrimination  of  larger  groups,  and  whether  char- 
acters drawn  from  the  skeleton,  teeth,  digestive  and  reproductive 
systems  are  not  likel}"  to  serve  us  better  if  restricted  to  the  deter- 
mination of  orders,  families  and  genera. 

When  the  limits  of  classes  and  sub-classes  have  been  once  as- 
certained by  the  study  of  the  heart  and  the  brain,  most  of  the  fossil 
forms  may,  by  the  correlations  of  their  hard  parts  be  assigned  to 
places  in  them.  At  present,  on  account  of  the  greater  availability 
of  hard  parts  for  preparation  and  preservation,  we  practically 
depend  upon  them  almost  entirely,  or  tacitly  assume  that  they  are 
of  greater  taxonomic  value  than  the  soft  parts,  and  that  the  latter 
are,  therefore,  readily  correlated  with  the  former. 

Summary.  1;  The  smallest  Lepidosteus  here  described  (18"*" 
long),  has  a  primordial  median  fin  extending  over  the  hinder  third 
of  the  body  above,  and  its  hinder  half  below,  interrupted  at  the  vent. 

2.  The  locations  of  the  dorsal,  the  anal  and  the  infra-caudal 
fins  are  marked  by  coloration  and  thickening  of  the  primordial  fin. 

3.  A  fourth  or  supra-caudal  fin  is  also  indicated,  though  less 
decidedly.    This  fin  is  not  functionally  developed. 

4.  The  tail  of  this  smallest  Lepidosteus  is  nearly  protocercal, 
the  end  of  the  body  inclining  slightly  downward. 

5.  The  end  of  the  body  proper  is  gradually  forced  upward  by 
an  increase  of  the  infra-caudal  lobe,  and  becomes  the  '^  filament " 
already  known  in  the  young  gar-pike. 

6.  The  movements  of  this  filament  are  extensive,  and  vibratory, 
and  wholly  voluntary. 

7.  The  filament  exists,  though  evidently  in  process  of  removal, 
in  a  young  Lepidosteus  osseus  300""-  long. 

8.  The  infra-caudal  lobe  becomes  the  functional  tail  of  the 
adult. 

9.  The  vertebral  column  is  then  continued  obliquely  upward 
and  backward  as  a  tapering  cartilaginous  rod  which  terminates  at 
a  point  corresponding  with  the  previous  separation  of  the  filament 
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from  the  infra-caadal  lobe.    This  point  coincides  with  the  hinder- 
most  of  the  dorsal  fulcra. 

10.  This  rod  comprises  the  notochord,  the  spinal  cord  and  two 
lateral  cartilaginous  pieces. 

11.  The  tail  of  the  adult  Amia  presents  a  similar  structure, 
excepting  that  the  rod  is  shorter  and  there  are  no  fulcra. 

12.  It  seems  probable  that  the  tail  of  Amia  passes  through 
stages  like  those  of  LepidosteuSy  but  the  smallest  specimen  here 
described  (70°^°^  long)  shows  no  sign  of  the  filament. 

13.  The  two  earlier  stages  of  the  tail  of  Lepidostetis  may  be 
compared  with  the  protocercal  (or  diphycercal)  and  the  ordinary 
^eterocercal  tails  of  other  living  and  fossil  forms.  The  masked 
heterocercal  tail  of  Amia  and  Lepidosteus  probably  existed  in 
Megalurus  and  some  other  mesozoic  forms,  but  is  not  known  among 
the  palaeozoic  fishes.  It  likewise  exists  in  the  embryo  of  certain 
Teleosts,  as  Chsterosteus  and  the  Siluroids. 

14.  The  pectoral  fins  of  Lepidosteus  attain  considerable  size 
before  the  appearance  of  the  ventrals. 

15.  The  latter  are  not  lobed,  but  the  former  consist  of  a  fleshy 
lobe  and  a  thin  fringe  or  border. 

16.  In  the  smallest  Lepidostetis  the  branchiostegal  membranes 
are  separate  farther  forward  than  in  the  adult.  The  point  of  their 
junction  in  the  young  becomes  a  transverse  fold,  which  may  cor- 
respond with  the  hinder  border  of  the  jugular  plate  of  Amia, 

17.  The  "foramina  of  Monro"  and  lateral  ventricles  have  been 
found  by  me  in  the  following  Ganoids :  — Amia^  Lepidosteus^  Aci- 
penser  and  Polyodon;  and  in  the  following  Teleosts: — Perca, 
Scomber^  Anguilla;  in  Chimera;^''  in  the  following  Selachians:  — 
Mustelus^  Carcharias;  and  in  the  Myzont  genera  Myxine  and 
Petromyzon.  There  is  good  reason  to  believe  that  Scaphyrhyn- 
chus^  Polypterus  and  Calamoichthys  have  the  same  parts ;  and  that 
they  exist  in  other  Teleosts,  but  less  easily  seen  than  in  Ganoids, 
or  perhaps  wholly  obliterated  in  the  adults  of  som^  species.  In 
both  Ganoids  and  Teleosts  the  foramen  of  Monro  seems  to  open 
into  the  base  of  the  anterior  or  olfactory  lobe  on  each  side. 

18.  Aside,  therefore,  from  the  difference  in  general  aspect  and 
in  size  of  the  foramina  and  ventricles,  the  Ganoid  and  Teleost 
brains,  as  heretofore,  are  most  readily  distinguished  by  the  chiasma 
which  exists  in  the  former  group. 

*'A8  stated  on  previous  pages  the  foramina  were  fonnd  in  Chimera  and  the  Te- 
leosts alter  this  paper  waa  presented. 
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19.  We  may  regard,  provisionally,  the  seven  genera,  Amia^  Lepi- 
dosteus^  Polypterus,  Calamoichthys,  Acipenaer^  Scaphyrhynchua  and 
Polyodon  (together  with  such  fossil  forms  as  are  obviously  allied  to 
them)  as  constituting  a  natural  group  (class  or  sub-class)  charac- 
terized by  an  optic  chiasma;  a  rhythmically  contractile  bulbtts  arteri" 
osus  with  several  rows  of  valves;  large  prothalami  separate  above 
but  united  below;  rudimentary  hemispheres;  and  the  foramina  of 
Monro  opening  apparently  into  the  base  of  the  sessile  olfactory  lobes. 

20.  It  seems  probable  that  by  features  of  the  brain  and  heart 
alone,  all  of  the  primary  subdivisions  of  Vertebrates  may  be  accu- 
rately  characterized. 

21.  The  Dipnoans,  hitherto  regarded  as  fishes  and  usually 
arranged  with  or  near  the  Ganoids,  agree  with  the  Batrachians  in 
cerebral  and  cardiac  and  other  characters.  This  group  seems  to 
'furnish  a  case  for  testing  the  relative  taxonomic  value  of  charac- 
ters derived  from  the  brain  and  heart  on  the  one  hand  and  from 
the  skeleton,  limbs  and  digestive  organs  on  the  other.  In  like 
manner  the  brain  of  Holocephali  would  indicate  that  they  belon 
nearer  the  Ganoids  than  the  Selachians,  perhaps  as  a  transition 
between  the  two. 

22.  While  the  facts  and  considerations  presented  in  this  paper 
cause  me  to  doubt  the  correctness  of  all  classifications  of  fish-like 
Vertebrates  hitherto  proposed,  they  do  not  seem  to  justify  the 
framing  of  another  system.  Nor  is  it  probable  that  any  phyllo- 
genetic  arrangement  can  be  proposed  which  shall  either  advance 
science  or  reflect  credit  upon  the  propounder,  until  our  knowledge 
of  the  embryology,  of  the  brains  and  of  fossil  forms  is  much  more 
extensive  than  at  present.^® 

Appendix. — Just  as  this  goes  to  press  I  have  been  able  to  con- 
sult the  admirable  paper  of  Paul  Langerhans,  ^'Untersuchungen 
iiber  Petromyzon  Planeri"  pp.  114,  16mo,  10  Tafeln.  Freiburg, 
1873.  This  author  figures  and  describes  (p.  83)  the  lateral  and 
olfactory  ventricles  of  Petromyzon,  He  also  states  (p.  95)  that  an 
optic  chiasma  does  exist.  These  statements  must  be  considered  in 
connection  with  paragraphs  upon  pages  178, 182, 185  of  this  paper. 

»  As  this  paper  is  passing  through  the  press,  I  have  seen  in  the  **  Zoological  Record'' 
for  187*2.  page  W,  an  abstract  of  a  memoir  by  Pancerl  and  Se  Sanctis  **  Sopra  alcunl 
organ!  delta  Cephaloptera,  Napoli,"  1868, 4to.  The  authors  recognize  four  types  of  brain 
besides  that  in  Amphioxus ;  namely,  in  Gydostomata ;  In  Teleosts  ;  in  four  Selachian  gen- 
era, Licerobatis,  Zygana^  AlyliobatUy  Trygon  { and  in  all  other  Selachians  and  Ganoids. 

No  mention  is  made  of  the  lateral  ventricles  or  foramina  of  Monro,  and,  so  far  as 
indicated  by  the  abstract,  the  conclusions  are  very  different  ttom  those  here  presented. 
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EXPLANATION  OF  PLATE  I.» 

Flir*  !•   ToQDg  L^idoMtmu  19»*  in  length,  enlarged  5  diameters.   The  tip  of  the  tail 
U  missing,  and  Its  supposed  form  is  indicated  by  the  dotted  outline.    Ify  the  nostrils 
of  the  left  side;  the  anterior  one  is  more  nearly  upon  the  upper  snrfhce  than  in  tl&e 
Adult.    In  the  margins  of  the  Jaws  appear  slight  eleyations,  probably  teeth.    O,  tbe 
operculum;  P,  the  pectoral  flu  consisting  of  a  rounded  fleshy  lobe  L  and  a  thin  tting^ 
J^;  1 ,  S,  3, 4, 5,  regions  of  the  primordial  median  flu.    F,  the  vent.   C,  the  commencemen  t 
of  the  inAra-caudal  lobe.  The  commencing  anal  is  seen  between  F,  and  L.    Z>,  the  com- 
nencing  dorsal  fln ;  X,  Indicates  a  slight  and  transitory  modification  of  the  primordial 
fln  like  a  second  dorsal,  or,  more  probably,  supra-caudal  lobe.    The  ventrals  have  not 
appeared.   The  lines  above  figures  1, 9, 8  indicate  the  actual  length  of  the  young  L^i- 
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Ftg.  S.  Ta0  of  young  Lepidotttms  29*^  in  length,  enlarged  4  diameters.  The  letter. 
Ing  as  In  fig.  1.  The  Infhmsaudal  (C)  begins  to  project  beyond  the  outline  of  the  primor- 
diiil  fln.    Ke  the  ventral  fln. 

Fig.  8.  Tall  of  young  £<pidof<«iu  44*^  in  length,  enlarged  2  diameters.  Lettering  as 
In  flg.  S.  The  primordial  fln  exists  only  upon  the  borders  of  the  fllamentary  termina- 
tion of  the  body  (Ft)  which  Is  now  crowded  up  by  the  increasing  InAra-caudal  lobe. 

Fig.  4.  Tail  of  young  Legtidosteut  os mm  80(^*-  long,  natural  sice.  The  iuAra-caudal 
lobe  now  occupies  Its  permanent  place  as  the  Ainctional  tail,  while  the  fllament  {Fi) 
has  nearly  disappeared.  Its  base  is  protected  by  six  pair  of  ftilcra  {DF)  and  a  similar 
■eries  covers  the  anterior  half  of  the  lower  border  of  the  tail  ( VF). 

Fig.  6.  Dissected  tail  of  medium  sised  Ltp.  pUUy$tomu».  The  fllament  has  disap- 
peared and  the  ftilcra  extend  baolcward  to  a  point  nearly  corresponding  with  its  sepa- 
ration trom  the  caudal  fln.  To  this  point  may  be  traced  a  cartilaginous  rod  (JV^,  the 
prolongation  of  the  vertebral  column  ( rC),  and  previously  continued  into  the  fllament. 
This  rod  consists  of  the  notoohord,  the  spinal  cord  (5C),  and  a  cartilaginous  sheath. 
JfC,  neural  canal  laid  open.    HC,  haemal  canal,  laid  open. 

Pig.  8.  Section  of  the  upper  margin  of  the  tail  of  L.  pZo/ystomus  at  a  point  about 
mid-way  between  the  base  of  the  fln  and  the  last  pair  of  fulcra;  enlarged.  ^,  noto- 
ohord; SCt  spinal  cord;  CSy  cartilaginous  sheath,  in  which  the  vertebrie  are  afterward 
de?eIope<l.  F'*y  points  of  the  upper  fulcra;  F*,  cut  surfaces  of  the  next  lower  ftilcra; 
Ft  out  surflices  of  the  lowest  fulcra  which  are  sepai'ated  so  as  to  embrace  the  upper 
half  of  the  cartilage.  CR\  cut  surfkce  of  the  uppermost  caudal  fln  ray,  the  two 
halves  being  separated  above  to  enclose  the  lower  part  of  the  cartilage.  The  dark  line 
orossing  the  section  indicates  the  commencing  splitting  of  the  ray  into  two.  C/?,  the 
halves  of  the  second  fln  ray  not  quite  perfectly  apposed,  and  Joined  by  a  double  mem- 
brane to  the  rays  above  and  below. 

•*A11  the  flguros  were  drawn,  flrom  speoimens  and  preparations,  by  Mr.  Philip 
Barnard. 
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Fig.  3.    Tail  nf  yoiing  Leiiidoateiia,  eDlnrgBi) 
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Fig.  6.    Section  i 
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EXPLANATION  OF  PLATE  I » 

Flff.l.  TouBg£4»{d(0<la(«19"»  in  length,  enlarged  6  diameters.  Tbe  tip  of  the  tafl 
U  miaslng,  and  its  sappoaed  form  is  indicated  by  the  dotted  outline.  Iff  the  nostrils 
of  the  left  side;  the  anterior  one  is  more  nearly  upon  the  upper  snrfhce  than  in  the 
Adnlt.  In  the  margins  of  the  Jaws  appear  slight  elevations,  probably  teeth.  O,  the 
opercnlom ;  P,  the  pectoral  fin  consiMing  of  a  roanded  Heshy  lobe  L  and  a  thin  fringe 
JP;  1 , 9,  S,  4, 5,  regiims  of  the  primordial  median  fln.  F,  the  vent.  C,  the  commencement 
of  the  infra-candal  lobe.  The  commencing  anal  is  seen  between  F,  and  L.  D,  the  com- 
mencing dorsal  fln;  X,  indicates  a  slight  and  transitory  modification  of  the  primordial 
fln  like  a  second  dorsal,  or,  more  probably,  snpra-candal  lobe.  The  Tentrals  have  not 
appeared.  The  lines  abore  llgnres  1,  S,  S  indicate  the  actual  length  of  the  young  Lepi- 
dottetu. 


Fig.  t.  Tail  of  young  LepidotteuM  8^^  in  length,  enlarged  4  diameters.  The  letter, 
ing  as  in  flg.  1.  The  infra-candal  (C)  begins  to  project  beyond  the  outline  of  the  primor- 
dial fln.    Ve  the  yentral  fln. 

Fig.  8.  Tail  of  young  £€pidof<«iu  44^^  in  length,  enlarged  2  diameters.  Lettering  aa 
hi  flg.  S.  The  primordial  An  exists  only  upon  the  borders  of  the  fllamentary  termina- 
tion of  the  body  {Ff)  wliich  is  now  crowded  up  by  the  increasing  inAra-caudal  lobe. 

Fig.  4.  Tan  of  young  Lqtidasteus  OMseut  80(^*-  long,  natural  size.  The  inflra-caudal 
lobe  now  occupies  its  permanent  place  as  the  Ainctional  tail,  while  the  filament  {Fi) 
has  nearly  disappeared.  Its  base  is  protected  by  six  pair  of  Ailcra  {DF)  and  a  similar 
leries  oovers  the  anterior  half  of  the  lower  border  of  the  tail  ( VF), 

Fig.  6.  Dissected  tail  of  medium  sized  Lep.  pkUpstomut.  The  filament  has  disap- 
peared and  the  lUlcra  extend  backward  to  a  point  nearly  corresponding  with  its  sepa- 
ration from  the  caudal  fln.  To  this  point  may  be  traced  a  cartilaginous  rod  (i^0>  the 
prolongation  of  thcTertebral  column  ( VC),  and  preriously  continued  into  the  filament. 
This  rod  consists  of  the  notocbord,  the  spinal  cord  (S^C),  and  a  cartilaginous  sheath. 
2fC,  neural  canal  laid  open.   J7C,  hemal  canal,  laid  open. 

Fig.  8.  Section  of  the  upper  margin  of  the  tail  of  L.  platystamut  at  a  point  about 
mtd-way  between  the  base  of  the  fin  and  the  last  pair  of  fUlora;  enlarged.  ^,  noto- 
chord ;  5(7,  spinal  cord ;  C5,  cartilaginous  sheith,  in  which  the  yertebras  are  afterward 
developed.  F",  points  of  the  upper  fulcra;  F*,  cut  surfaces  of  the  next  lower  fUlcra; 
F,  out  surfaces  of  the  lowest  fulcra  which  are  sepai-ated  so  as  to  embrace  the  upper 
half  of  the  cartilage.  CH',  cut  surface  of  the  uppermost  caudal  fln  ray,  the  two 
halves  being  separated  above  to  enclose  the  lower  part  of  the  cartilage.  The  dark  line 
crossing  the  section  indicates  the  commencing  splitting  of  the  ray  into  two.  CRy  the 
halves  of  the  second  fln  ray  not  quite  perfectly  apposed,  and  Joined  by  a  double  mem- 
brane to  the  rays  above  and  below. 

••AU  the  flgnres  were  drawn,  from  specimens  and  preparations,  by  Mr.  Philip 
Barnard. 
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EXPLANATION  OF  PLATE  II. 

Fig.  7.  Vertical  longltucUnal  section  of  the  brain  of  Lepidotteut  09$eu9,  The 
specimen  was  a  female,  aboat  fonr  and  one-half  feet  long.  The  figure  is  enlarged 
two  diameters.  The  cut  surfaces  are  dotted.  5C,  spinal  cord;  AT,  medulla  oblongata; 
IVi  fourth  ventricle;  C&,  cerebellum ;  CF,  yentricle  of  the  cerebellum;  1,  anteverted 
posterior  border  of  the  cerebellum;  tiehind  this  is  seen  the  low  ridge  referred  to  in 
the  text;  AS,  aqueduct  of  Sylvius,  or  passage  from  the  fourth  ventricle  into  that  of  the 
optic  lobes;  OL,  optic  lobe;  OV,  optic  ventricle;  C,  conarium  or  pineal  body  Justin 
firont  of  the  opening  of  the  optic  ventricle ;  III,  third  ventricle  opening  downward  into 
the  hypoarta  or  loH  inferiorea,  which  may  represent  the  corpora  einerea  of  anthro- 
potomy ;  2,  the  thiclcened  hinder  wall  of  this  cavity ;  3,  the  hypophysis  or  pituitary  body, 
apparently  vascular  and  easily  detaolied ;  a  narrow  longitudinal  slit  communicates  with 
the  cavity  above;  4,  the  optic  chiasma,  foi*ming  part  of  the  anterior  wall  of  the  hypoa- 
rian  ventricle;  OAT,  the  right  optic  nerve;  PTff,  the  right  prothalamus  (usually  called 
hemisphere):  5,  commissure  connecting  the  prothalami;  it  is  connected  with  the  optic 
chiasma  by  a  ttiin  lamina  forming  part  of  the  floor  of  the  ventricle;  FMf  the  foramen 
of  Monro;  H,  a  raised  margin  of  this  orifice,  which  is  more  apparent  in  the  other 
brains,  and  may  be  a  rudimentary  hemisphere ;  (HL,  olfactory  lobe,  containing  a  ven- 
tricle which  communicates  through  the  foramen  of  Monro  with  the  third  or  median 
ventricle  between  the  prothalami  of  opposite  sides.  In  Amia,  Aoipmu^r  and  Poiffodon 
the  optic  lobe  is  connected  with  the  prothalamus  by  a  lower  rounded  eras  thalami  on 
each  side;  but  as  the  ganoid  nature  of  these  genera  is  denied  by  some,  I  chose  the 
brain  of  Lepidosteutf  although  it  is  less  well  adapted  to  display  aU  the  parts. 

Figs.  8, 9, 10.  Mesial  surface  of  the  right  olfinctory  lobe  and  nerve,  the  hemlspFhere, 
foramen  of  Monro  and  anterior  part  of  the  prothalamus  of  Amiot  Acipmuw  and  Po^- 
odoni  enlarged  two  diameters.    The  letters  as  in  Fig.  7. 

Fig.  11.  Transverse  sections  of  the  prothalami  enlarged  two  diameters.  These 
figures  are  somewhat  diagrammatic,  but  they  indicate  the  facts  that  the  lateral  masses 
(O  are  solid,  with  dorsal  borders  (!>}  more  or  less  everted,  so  as  to  form  an  external 
concavity  (ff);  that  they  are  connected  by  a  ventral  commissure  (J3)  and  that  between 
them  (il)  is  a  space,  the  median  or  third  ventricle.  6,  Polyptenu  (ftrom  Mtiller);  8, 
Amiai  4,  young  Amia,  iQfum.  in  length ;  1,  L^i>ido9teut  omsim;  2,  young  Lepidoiteu$t 
800"^  In  length ;  6,  Polyodont  7  and  8,  Acipenser  rubicundu$,  at  two  different  points 
and  angles. 
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EXPLANATION  OF  PLATE  IH. 

Fig.  13*  Diagrams  intended  to  represent  the  stmcttire  of  a  ganoid  brain  as  seen 
in  longitudinal  mesial  section  and  in  transyerse  sections  through  several  paiis.  The 
letters  as  in  Fig.  7. 

Fig.  18.  Diagrams  representing  the  cross-section  of  the  protbalami  of  Myzonts  (JO 
and  Selachians  and  of  the  hemispheres  of  Batrachians.  The  prothalamus  of  the  adult 
Mysont  is  closed  aB^ove,  a^rin  the  embryo  Selachian  {ES).  In  the  adult  Selachian,  by  a 
deposition  of  matter  the  single  cavity  is  filled  up,  excepting  two  lateral  canals  which 
oonverge  backward  to  meet  opposite  the  optic  foramen,  and  direrge  forward  to  enter 
the  olfactory  crura  through  the  small  hemispheres.  In  Ganoids,  as  seen  in  Fig.  11,  the 
prothalamus  is  open  aliove.  Likewise  in  many,  if  not  all,  Teleosts,  in  which,  howeyer, 
the  optic  neryes  form  no  chiasma.  In  Batrachians,  as  in  the  Dipnoans,  the  place  of 
the  prothalami  is  taken  by  a  pair  of  true  hemispheres,  each  containing  a  lateral 
«rontrtcle« 

Fig.  14.  Anterior  part  of  prothalamus  of  a  perch  {Perea  flaveteens)^  with  the  olf)EU> 
tory  lobe  and  nenre,  and  the  small  foramen  of  Monro.  (The  dotted  line  makes  the  yen- 
tride  larger  than  it  is  really.)  Enlarged  ten  diameters.  The  existence  of  the  foramen 
in  some  Teleosts  was  ascertained  alter  the  paper  was  read.   See  page  ld4. 

Jig.  15.  Diagrams,  slightly  altered  ft-om  Hu^ey,  to  indicate  the  typical  structure  of 
the  brain  in  Batrachians,  Reptiles,  Birds  and  Mammals.  The  upper  is  a  horizontal,  the 
lower  a  yertioal  section.   See  pager  175. 
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On  the  Distribution  of  Batrachia  and  Reptilia  in  North 
America.    By  E.  D.  Cope,  of  Haddonfield,  N.  J. 

(ABSTRACT). 

The  discussion  of  this  subject,  of  which  the  present  paper  is  an 
abstract,  is  based  on  the  large  collections  of  the  National  Museum 
at  Washington.  In  the  first  place,  the  primary  divisions  of  the 
•  earth  as  proposed  by  Sclater  and  Huxley  are  redefined,  and  the 
mixture  of  South  American  families  and  genera  in  the  North 
American  fauna  regarded  as  sufficient  ground  for  separating  it  as 
a  primary  division,  ffom  Europe-Asia.  The  subdivisions  or 
regions  adopted,  are  six ;  tn^  east  of  the  plains,  two  on  the  central 
plateau,  and  two  on  the  Pacific  Coast.  The  first  or  Eastern,  ex- 
tends from  the  plains  to  the  Atlantic,  as  far  south  as  the  isother- 
mal of  IT" ;  the  Austroriparian  extending  from  the  Rio  Grande  to 
the  Atlantic,  south  of  the  isothermal  of  77^,  extending  up  the 
Mississippi  Valley  to  Indiana ;  third,  the  Central,  extending  from 
Texas  and  the  Sierra  Nevada  to  the  eastern  boundary  of  the 
plains ;  fourth,  the  Sonoran,  embracing  New  Mexico,  Arizona,  and 
a  part  of  Nevada ;  fifth,  the  Pacific,  the  region  west  of  the  Sierra 
Nevada ;  and  lastly  to  the  Lower  Califomian,  covering  the  penin- 
sula of  that  name.  Of  these,  the  Central  is  the  poorest  in  reptilian 
life,  the  two  eastern  provinces  are  distinguished  for  the  abundance 
of  the  species  of  salamanders  and  tortoises,  and  the  Sonoran  and 
Pacific,  for  the  abundance  of  lizards.  The  Sonoran  province  is 
remarkably  poor  in  salamanders  and  tortoises,  while  there  are 
numerous  salamanders,  and  but  few  tortoises  in  the  Pacific  district. 
The  Austroriparian  is  the  headquarters  of  tree-toads  and  mocca- 
sins ;  the  Sonoran  is  the  centre  of  variation  of  Scehporii^  horned 
and  other  lizards,  rattlesnakes  and  toads.  A  great  number  of 
species  is  confined  to  this  division.  The  snake-like  batrachians 
belong  exclusively  to  the  Austroriparian  district,  the  range  of  the 
genus  Siren  being  co-extensive  with  its  boundaries.  A  few  Mexi- 
can genera  extend  east  along  the  Gulf  as  far  as  Florida,  and  a 
few  others  of  Sonoran  character  extend  south  into  Mexico.  The 
Lower  Californian  district  is  peculiar  in  its  boaeform  serpents  and 
large  iguanas. 

On  the  whole,  the  North  American  fauna  is  peculiar  in  its 
salamanders,  old  world  in  its  frogs  and  most  of  its  turtles,  and 
South  American  in  most  of  its  snakes  and  lizards,  and  some  of 
its  turtles. 
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The  distinction  between  the  Soath  American  (neotropical)  and 
North  American  (nearctic)  fauna  is  as  follows :  Divisions  belong- 
ing  exdasiTely  to  the  South  American  fauna :  Pleurodire  tortoises, 
Amphisbsenian  lizards,  Scolecophid  and  Bold  Snakes,  and  Ceciliid 
or  worm-like  Batra4:hia — five  divisions.  Those  belonging  to  the 
North  American  fauna  alone :  Cheljdrid  tortoises,  Urodele,  Siren- 
oid,  and  Fh>teoid  BatrachianSy  Raniform  Batrachia — ^five  divisions. 
The  Mexican  r^on,  which  is  intermediate  in  position,  is  occupied ' 
by  three  of  the  divisions  fh>m  each  of  the  adjoining  continentSi 
viz. :  Scolecophid  and  Bold  snakes,  C»ciliid,  Urodele  and  Raniform 
Batrachia,  and  Cheljdrid  tortoises.  Further  than  this,  there  are 
many  genera  especially  developed  in  either  the  one  or  the  other  of 
the  primary  American  faunse,  which  extend  for  a  greater  or  smaller 
distance  into  the  other.  Thus  the  genera  of  lizards  and  many  of 
the  snakes  of  Southern  North  America,  extend  to  the  city  of  Mex- 
ico ;  others  extend  to  Tehuantepec ;  others  to  Guatemala  and  Costa 
Bica,  and  two  to  Panama.  Vice  versa,  each  of  these  and  other 
points  of  latitude,  mark  the  northern  boundaries  of  distribution  of 
South  American  species  and  genera.  Besides,  numerous  genera 
are  peculiar  to  Mexico  alone. 

Several  hypotheses  explaining  the  relation  of  life  to  distribution 
and  surroundings  may  be  entertained.  It  may  be  supposed  that 
its  present  phenomena  are  due  to  the  operation  of  physical  causes, 
or  are  the  results  of  symmetrical  or  numerical  laws ;  or  are  due 
to  a  power  of  self-direction  possessed  by  living  beings ;  possibly 
by  all  these  influences  combined.  The  actual  relations  between 
the  structure  of  animals  and  the  physical  features  of  the  regions 
which  they  inhabit  must  obviously  be  ascertained  at  the  outset  of 
the  inquiry.  It  may  be  observed  that  the  characteristics  of  the 
Batrachia  and  Beptilia  are  such  as  to  make  them  especially  useM 
in  the  inquiry.  Their  cold  blood,  incapable  of  resisting  the  ex- 
tremes of  temperature,  renders  them  peculiarly  susceptible  to  its 
influences,  while  the  fact  that  the  Batrachia  are  semi-aquatic,  re- 
quiring water  for  the  maintenance  of  the  reproductive  function, 
renders  them  amenable  to  conditions  of  humidity.  In  the  faunal 
divisions  of  the  globe  the  conformity  of  the  indications  exhibited 
by  the  animals  in  question  to  those  derived  from  other  divisions 
of  the  animal  kingdom  is  very  evident. 

Without  giving  lists  of  the  species  and  genera  characteristic  of 
the  regions  of  the  Nearctic  realm,  the  general  conclusions  are  as 
follows ;  and  first  as  to  temperature. 
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The  first  observation  with  regard  to  the  Batrachian  and  Reptil- 
ian fauna  of  North  America  is  the  usaal  one,  viz.,  that  the  number 
of  specific  and  generic  types  exhibits  a  rapid  increase  as  we 
approach  the  tropics.  Of  the  area  inhabited  by  these  forms  of 
anin^als,  less  than  one-fourth  is  included  in  the  three  Southern 
regions — the  Austroriparian,  the  Sonoran,  and  the  Lower  Califor- 
nian ;  yet  these  contain  more  than  half  of  the  entire  number  of 
species,  and  all  but  eight  of  the  genera  are  found  in  them.  Of 
this  number,  forty-two  genera,  or  one-third  of  the  total,  are  con- 
fined to  within  their  boundaries.  It  is  a  truism  directly  resulting 
from  the  very  small  production  of  animal  heat  by  these  animals, 
that  temperature,  andjiherefore  latitude,  has  the  greatest  influence 
on  their  life  and  distribution.  This  is  exhibited  in  other  ways  than 
in  multiplication  of  forms.  It  is  well  known,  that  although 
plainly-colored  reptiles  are  not  wanting  in  the  tropics,  brilliantly- 
colored  species  are  much  more  abundant  there  than  in  temperate 
regions.  Although  the  Regnum  Nearcticum  does  not  extend  into 
the  tropics,  its  southern  districts  are  the  habitat  of  most  of  the 
species  characterized  by  bright  colors.  This  is  most  instructively 
seen  in  species  having  a  wide  range.  Such  is  the  case  with  the 
southern  subspecies  of  DesmcUognathtis  among  salamanders,  and 
Hyla  among  frogs.  So  with  snakes  of  the  genera  Crotdlus^ 
Caudiaona^  Ophibolus^  Bascaniuniy  and  Eutaenia,  It  is  also  true 
of  the  lizards  of  the  genera  Phrynosoma^  HolhrooTda^  and  See* 
loporus,  Eutcienia  and  Scehporua  become  metallic  in  the  Mexican 
subregion,  as  is  also  the  case  with  the  Anoles.  The  North  Ameri- 
can species  of  AnoUs  does  not  display  metallic  luster,  while  a 
large  part  of  those  of  Mexico  and  a  smaller  proportion  of  those 
of  the  West  Indies  exhibit  it. 

To  the  north  the  distribution  also  exhibits  relation  to  tempera- 
ture. The  eastern  region  is  divided  into  the  Carolinian,  Allegha- 
nian,  and  Canadian  districts.  No  reptiles  are  found  north  of  the 
Canadian  district,  while  five  species  and  subspecies  of  BcUrachia 
arc  nearly  confined  to  it.  It  extends  down  the  crests  of  the 
Alleghany  Mountains  to  Georgia. 

In  Central  America  and  Mexico  it  is  the  central  plateau  and  the 
high  mountains  which  support  the  North  American  forms,  while 
the  South  American  genera  and  species  are  distributed  along  the 
Tierra  Caliente  of  the  east  and  west  coasts.  Thus  it  is  evident 
that  temperature  has  a  controlling  influence  in  the  distribution  of 
reptilian  life,  on  the  North  American  continent. 
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The  other  important  inflaence  in  the  modification  of  the  life  in 
question  is  the  amount  of  terrestrial  and  atmospheric  moisture. 
In  the  case  of  the  Batrachia,  this  agent  is  as  important  as  that  of 
heat,  since  a  greater  or  less  part  of  their  life  is,  in  most  species, 
necessarily  spent  in  the  water.  The  reptiles  are  less  dependent 
on  it,  but,  as  their  food  consists  largely  of  insects,  and  as  these 
in  turn  depend  on  vegetation  for  sustenance,  the  modifying  in- 
fluence of  moisture  on  their  habits  must  be  very  great. 

The  central  region  combines  the  disadvantages  of  low  tempera- 
ture, due  to  its  elevation  above  the  level  of  the  sea,  and  of  arid 
atmosphere ;  hence  its  poverty  in  Batrachia  and  Meptilia.  There 
are  but  nine  species  of  both  classes  peculiar  to  it,  while  a  few 
others  enter  from  surrounding  areas. 

The  distribution  in  the  other  regions  is  evidently  dependent  on 
the  .same  conditions.  Thus  the  well-watered,  forest-covered 
Eastern  and  Austroriparian  regions  are  the  home  6t  the  salaman- 
ders, the  ft'og,  the  tree-toads,  and  the  turtles.  The  dry  and  often 
barren  Sonoran  and  Central  regions  abound  in  the  lizards  and  the 
toads.  The  Pacific  region,  which  is  intermediate  in  climatic  char- 
acter,  exhibits  a  combination  of  the  two  types  of  life ;  it  unites 
an  abundant  lizard-fauna  with  numerous  frogs  and  salamanders, 
while  there  is  but  one  tortoise. 

The  influence  of  humidity  is  seen  in  the  almost  entire  exclusion 
of  Batrachia  and  Reptilia  from  the  arid  regions  of  the  Central 
and  Sonoran  districts,  and  their  abundance  in  the  East ;  and  in 
the  substitution  of  these  animals  in  the  former  regions  by  the 
lizards,  those  lovers  of  deserts  and  sands.  The  same  influence  is 
observed  in  the  distribution  of  these  animals  on  the  plains  and 
mountains  of  Mexico.  As  is  well  known,  the  trade  winds  from  the 
Caribbean  Sea,  laden  with  moisture,  strike  the  Cordilleras  on  the 
eastern  slope  and  rise  to  .the  cooler  altitudes,  where  precipitation 
takes  place.  The  rainfall  at  an  elevation  of  from  five  to  seven 
thousand  feet  in  Costa  Rica,  according  to  Dr.  Gabb,  is  ver}^  great, 
occupying  at  least  200  days  in  the  year,  many  of  the  remaining 
days  being  foggy.  The  western  side  of  the  Cordilleras  is  compar- 
atively dry.  The  wet  belt  is  found  to  be  the  especial  habitat  of 
Batrachia;  the  proportion  of  species  being :  lizards,  none ;  snakes, 
three ;  Batrachia^  sixteen  species,  while  the  proportion  of  individ- 
uals in  favor  of  the  Batrachia,  is  much  greater.  The  lizards  are 
abundant  in  the  low  country,  and  the  majority  of  the  snakes  occur 
there  also,  with  a  proportion  of  the  Batrachia. 
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Another  character  of  the  reptilian  life  of  arid  regions  is  to  be 
seen  in  a  peculiarity  of  coloration.^  This,  which  has  been  already 
observed  by  the  ornithologists,  consists  of  a  pallor,  or  arenaceous 
hue  of  the  body,  nearly  corresponding  with  the  tints  of  dry  or 
sandy  earth.  This  prevails  throughout  the  Batrachia  and  Reptilia 
of  the  Sonoran  region,  although  it  is  often  relieved  by  markings 
of  brilliant  color,  of  which  red  is  much  the  most  usual. 

Another  peculiarity  of  the  Sonoran  region,  and  whic^t  shares 
with  a  part  of  Mexico,  is  the  predominance  of  snakes  which 
possess  an  extraordinary  development  of  the  rostral  shield  either 
forward  or  outward.  This  has  also  been  observed  by  Professor 
Jan,  who  referred  such  genera  to  a  group  he  termed  the  Probletor- 
hinidce.  Of  ten  genera  of  snakes  in  the  Nearctic  region  which 
possess  the  character,  nine  are  found  in  the  Sonoran  subregion, 
five  are  peculiar  to  it,  and  it  shares  two  with  the  Lower  Califomian 
subregion  only.  One  of  the  latter  {Phimothyra)  is  closely  imitated 
by  a  genus  (Lytorhynchus)  which  occurs  on  the  borders  of  the 
African  Sahara.  The  Heterodon  of  the  Eastern  States,  though 
not  confined  to  the  sandy  coast-regions,  greatly  abounds  there ; 
and  the  South  American  species  skip  the  forest-covered  Amazon 
Valley  and  reappear  on  the  plains  of  the  Paraguay  and  Parana. 
As  the  Sonoran  region  embraces  a  number  of  desert  areas,  it  is 
altogether  probable  that  the  peculiar  forms  in  question  have  a 
direct  relation  to  the  removing  of  dry  earth  and  sand,  in  the 
search  for  concealment  and  food.  A  modification  of  foot-structure, 
supposed  to  have  relation  to  the  same  end,  is  seen  in  the  movable 
spines  on  the  outer  side  of  the  foot  in  the  genus  Uma^  a  character 
exhibited  in  higher  perfection  in  the  South  African  genus  Ptenopiut.^ 

The  abundance  of  Bufones  is  doubtless  due  in  part  to  their 
adaptation  to  life  in  dry  regions.  They  are  mostly  furnished  with 
tarsal  bones  especially  developed  for  excavating  purposes. 

It  would,  therefore,  appear  that  temperature  exercises  the 
greatest  influence  on  reptilian  life,  and  that  conditions  of  humidity 
are  effective  in  determining  the  distribution  of  Batrachia  and 

IteptUia. 

» 

s  Origin  of  Genera,  1889,  p.  68. 
s  Proc.  Acad.  Phila.,  1868,  p.  821. 
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Ok  the  Method  of  Subduiko  Insects  Injurious  to  Aoriculturb. 
By  John  L.  LeContb,  of  Philadelphia,  Penn. 

In  accordance  with  predictions  made  at  the  time  of  its  first 
appearance  in  the  immediate  valley  of  the  Mississippi,  the 
Colorado  potato-beetle  continues  to  extend  its  area  of  distribution. 
It  has  during  the  last  and  present  seasons  reached  the  Atlantic 
coast  of  #ie  Middle  States,  and  is  preparing  an  invasion  in  mass 
of  the  maritime  parts  of  New  England,  which  will  soon  be  overrun 
with  the  same  ease  with  which  it  has  conquered  the  Western  and 
Middle  States. 

Meanwhile  the  farmers  are  anxiously  enquiring  for  means  of 
destroying  the  invader ;  and  are  receiving  through  the  agricultural 
columns  of  the  newspapers  many  su^estions,  some  of  which  are 
good,  some  of  which  are  very  questionable. 

Materials  destructive  to  the  insects,  and  said  not  to  be  injurious 
to  the  plant  or  the  soil  have  been  recommended,  almost  without 
number ;  but  with  the  exception  of  Paris  green,  they  have  been 
either  very  insufficiently  tried,  or  found  inoperative. 

That  compound  of  arsenic  and  copper  therefore  remains, 
naturally,  the  favorite,  notwithstanding  its  dangerous  qualities, 
and  the  possibly  deleterious  effect  it  may  produce  on  the  fields 
after  long  use. 

Entomologists  and  other  scientific  men  are  often  asked :  Why 
do  yoti  not  give  us  another  remedy  against  this  destructive  insect? 
Are  you  baffled  with  all  your  boasted  progress  in  learning  by  the 
invasion  of  a  wretched  little  bug  ? 

No  my  friends,  we  are  not  baffled  by  the  wretched  little  bug, 
but  in  our  endeavors  to  teach  you  how  to  dispose  of  it,  in  such 
manner  as  to  protect  your  crops,  we  are  embarrassed  by  your  own 
failure  to  grasp  the  magnitude  of  the  problem  which  you  have  set 
us  to  solve.  Had  3'ou,  indeed,  comprehended  the  warnings  given 
by  my  lamented  friend  B.  D.  Walsh,  on  the  first  injurious  appear* 
ance  of  the  insect,  and  since  repeated  by  many  entomologists,  you 
would  have  insisted  several  years  ago,  that  the  subject  should  be 
investigated  with  a  power  of  enquiry  proportioned  to  its  import- 
ance, and  you  would  have  received  such  information  as  might, 
with  proper  and  well-dkected  industry  on  your  part,  have  prevented 
much  loss. 

However,  I  do  not  wish  now  to  speak  of  the  past ;  it  is  gonei 


B.      NATURAL  HI8T0RT.  *       208 

and  its  errors  cannot  be  undone.    Let  us  rather  enquire  what  shall 
be  done  in  the  future. 

The  first  thing  then,  is  to  cease  calling  upon  Science  for  a 
remedy,  when  Science  and  Empiricism  have  already  given  yon 
probably  many  remedies,  concerning  the  application  of  which  I 
will  have  a  word  to  say,  bye  and  bye. 

Science,  like  Hercules  in  the  old  fable  of  the  wagoner,  can 
help  you,  and  will  help  you,  only  when  you  have  commenced  to 
help  yourselves. 

How  then  can  we  begin  to  help  ourselves?  I  hear  you  ask. 
That  is  precisely  what  I  will  briefly  endeavor  to  tell  you. 

First  then :  There  should  be  a  scientific  commission,  selected 
by  competent  scientific  authority,  for  their  merit,  and  not  for 
their  political  influence.  Politicians  have  had  too  much  control 
over  our  agricultural  interests,  as  you  all  have  reason  to  remember 
with  regret. 

This  commission  should  be  sufiSciently  large  to  subdivide  the 
subjects  committed  to  them,  in  such  manner,  as  to  thoroughly 
investigate  the  habits  and  times  of  appearance  in  different 
districts,  of  the  great  agricultural  pests ;  the  effects  upon  them  of 
all  the  cheaper  materials  which  have  been,  or  may  be  judiciously 
suggested  as  destroying  agents,  and  the  proper  times  and  manner 
of  applying  them.  The  members  of  the  commission  should  also 
receive  sufilcient  compensation  to  warrant  them  in  giving  as  much 
time  and  labor  to  this  investigation  as  may  be  required,  even  to 
the  temporary  abandonment,  if  necessafy,  of  their  other  scientiflc 
or  secular  pursuits. 

No  such  task  can  be  properly  performed  and  completed  by  the 
solitary  labors  of  State  Entomologists,  underpaid  and  over- 
burdened with  work.  Only  by  association  of  several  such  careful 
observers  and  investigators  can  a  worthy  and  useful  result  be  ob- 
tained for  the  suppression  of  several  of  the  most  formidable  pests. 

Second :  This  information  being  procured,  should  be  tabulated 
as  far  as  possible,  or  at  least,  reduced  to  a  compact  form,  for  easy 
reference,  and  widely  published  in  newspapers,  and  also  in 
pamphlet  form,  for  universal  distribution. 

Hiird :  By  the  distribution  of  this  information,  and  by  appeals 
through  the  newspapers  and  agricultural  journals,  as  well  as  by 
addresses  at  meetings  of  farmers,  and  others  interested  in  agricul- 
ture, it  must  be  impressed  upon  the  public  mind,  that  all  individual 
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efforts  for  the  sappression  of  these  pests  are  frequently  fbtile. 
Only  combined  and  consentaneous  action  over  large  tracts  of 
country  will  be  effective. 

Now,  while  I  am  prepared  to  believe,  that  when  these  facts  are 
made  known  to  the  farmers,  they  will  immediately  see  the  import- 
ance of  the  suggestion  for  unanimous  and  simultaneous  advance 
upon  the  enemy,  yet,  without  legislative  aid  it  will  be  quite  im- 
possible to  secure  the  organization  requisite  for  an  effective 
onslaught. 

It  will,  therefore,  be  necessary  for  the  citizens,  thus  instructed, 
to  command  their  representatives  either  in  State  Legislatures,  or 
in  National  Congress,  to  prepare  proper  laws  for  the  destruction 
of  these  pests,  at  stated  times,  to  be  determined  and  recommended 
by  the  scientific  commission. 

These  laws  will  be  not  only  cheerfully  obeyed  by  every  intelli- 
gent farmer,  but  I  know  that  the  farmers  as  a  class  will  be  glad  to 
have  such  laws  enacted,  and  enforced  with  penalties  for  neglect. 

Those  disposed  to  help  themselves  and  each  other,  can  only  thus 
be  protected  against  an  ignorant  or  indolent  neighbor,  whose 
thrifblessness  would  otherwise  make  of  his  potato-patch,  his 
cotton-field,  or  his  plum-orchard,  a  nuisance  nursery,  from  which 
no  industry  could  protect  the  surrounding  farms. 

Thus  then,  the  organization  necessary  for  a  successful  campaign 
against  our  insect-enemies  must  be  authoritatively  demanded  by 
you.  Under  less  free  forms  of  government,  the  plan  I  have 
suggested  above  would  probably  have  long  ago  been  perfected  by 
the  rulers.  Even  the  fear  of  the  extension  of  the  Colorado  potato- 
beetle  to  Europe  has  excited  in  several  countries  almost  as  much 
discussion  and  confusion  of  counsel  as  an  apprehended  revolution. 

You  will  also  see,  in  an  interesting  paper  ^^  on  the  means  of 
destroying  the  Grasshopper"  by  the  late  Col.  Motschulsky, 
(translated  and  published  in  the  Smithsonian  Report,  1858),  that 
in  the  Province  of  New  Russia  not  less  than  80,000  men  were 
employed  in  destroying  locusts  during  an  invasion  which  occurred 
in  1855.  He  adds :  ^^  the  labor,  however,  was  ineffective,  as  the 
locusts  had  been  permitted  to  develop  too  far  before  the  attack 
was  commenced. 

The  fact  is,  that  these  incursions  and  ravages  of  hostile  insects 
represent  a  condition  of  war.  It  is  only  by  a  quasi-military 
organization,  and  appropriate  weapons,  suited  to  the  nature  of  the 
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enemy  that  they  can  be  conquered.  Without  recqgnitiou  of  this 
fact,  nothing  can  be  done  against  them,  and  we  must  bow  our 
heads,  and  exclaim,  with  the  pious  Mahommedan  fatalist,  ^^  it  is 
the  will  of  God." 

Three  subjects  yet  remain  to  be  considered :  the  materials  to  be 
used ;  the  time  of  making  the  attack  in  force ;  and  the  weapons 
to  be  employed. 

1.  The  materials  may  be  either  mineral  or  vegetable,  or  merely 
human  labor,  intelligently  and  persistently  applied.  The  latter 
is  the  only  effective  means  of  contending  against  some  insects, 
but  in  all  cases  it  is  a  necessary  adjunct  to  the  remedies  used. 
These  remedies,  as  I  observed  before,  are  very  numerous,  and 
until  a  careful  investigation  is  made  of  the  large  number  already 
suggested,  which  is  increasing  almost  daily,  no  proper  indications 
can  be  given,  except  that  those  least  injurious  to  man  should  be 
preferred,  even  at  greater  cost  of  money  and  labor;  and  that 
those  which  kill  thfe  insect  by  contact  with  its  body  are  likely  to 
prove  more  effectual  than  those  which  destroy  by  poisoning  its 
food.  It  may  be  here  observed  that  the  form  of  apparatus  in 
these  two  cases  must  be  quite  different.  In  the  latter,  any  con- 
trivance which  will  sprinkle  a  fluid  or  dust  a  powder  on  the  ex- 
posed or  upper  surface  of  the  leaves  will  be  sufficient:  in  the 
former,  in  which  the  poison  kills  by  contact  with  the  insect,  it 
must  be  able  to  reach  the  enemy  wherever  sheltered. 

2.  The  time  of  attack  must  naturally  be  when  the  enemy  is 
least  able  to  resist.  To  quote  again  from  the  excellent  memoir  of 
Motschulsky:  ^'the  most  effective,  and  at  the  same  time  the 
easiest  mode  of  opposing  the  development  of  the  locusts  is  the 
crushing  out  of  the  young  broods,  when  collected  in  swarms  in 
the  place  where  they  are  hatched.  Consequently  the  most  import- 
ant thing  is  to  know  the  resting  place  of  these  destructive  pests. 
In  order  to  discover  them,  and  to  point  out  the  course  to  be  pur- 
sued   •     •     •     .     •    it  might  be  weir  to  send  ski]||il  persons 

to  make  the  necessary  researches;  and  these, 

with  the  assistance  of  the  local  authorities  might  seek  out  the 
places  where  the  insects  abound,  and  establish  the  necessary  regu- 
lations for  their  destruction :"  (1.  c.  p.  228.) 

In  the  case  of  the  cotton  moths,  it  is  plain  that  the  attack 
should  be  made  upon  the  earliest  broods,  which  appear  in  the  ex- 
treme southern  part  of  the  country,  and  from  which  the  migrating 
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Bwarms  which  travel  northward  are  developed:  also  that  the 
attack  mast  be  directed  against  the  caterpillars  rather  than  the 
perfect  insects. 

^he  Colorado  potato-beetle  may  be  also  attacked  with  greatest 
snccess  in  the  larval  state.  The  integuments  are  then  soil,  and 
the  appetite  more  voracious ;  so  that  whether  the  poison  by  con> 
tact,  or  the  poison  by  food  be  used,  it  will  have  a  more  certain 
effect,  than  upon  the  perfect  insect,  which  is  protected  against  the 
former  by  the  hard  chitinous  surface,  and  against  the  latter  by 
preoccupation  in  reproductive  duties. 

You  will  now  be  prepared  to  admit  the  importance  of  the 
recommendation  above  made,  that  the  times  for  making  the  attack 
should  be  directed  by  the  scientific  commission,  after  full  examina- 
tion of  the  habits  of  the  insects,  and  the  dates  of  their  appear- 
ance in  their  various  stages  of  development:  These  dates  will 
vary  in  different  districts,  and  without  a  carefully  tabulated 
calendar  of  the  necessary  facts,  no  system  of  combined  effort, 
such  as  I  believe  to  be  essential,  can  be  planned. 

8.  The  apparatus  to  be  used  must  of  course  vary  greatly  with 
the  habits  of  the  insect  to  be  attacked.  In  the  case  of  the  plum 
Curculio,  canvas  frames,  propelled  on  a  kind  of  wheelbarrow, 
with  a  ram  to  concuss  the  trunk  of  the  tree  is  probably  the  best 
instrument  yet  devised.  The  insects  will  fall  into  the  net  when 
the  tree  is  struck,  and  may  be  easily  destroyed,  when  a  sufficient 
mass  has  been  collected. 

For  the  cotton  moth  and  the  potato-beetle,  the  apparatus  for 
poisoning  the  leaves  upon  which  they  feed  may  be  any  simple 
sprinkler  or  dusting  box,  according  as  liquid  or  solid  poison  is 
employed. 

But  for  direct  application  to  the  insect  itself,  we  must  use 
means  by  which  a  fine  spray  will  be  driven  with  force  sufficient 
to  envelop  the  whole  plant,  or  the  surface  of  the  ground  upon 
which  the  insects  are  assembled,  in  a  mist  of  poisonous  liquid. 

Such  an  instrument  is  the  atomizer:  which  has  the  additional 
advantage  over  a  sprinkler,  that  it  consumes  less  liquid. 

The  first  application  of  the  atomizer  for  the  destruction  of 
insects  was  made  by  me  several  years  ago,  and  in  the  *'  American 
Naturalist"  for  August,  1869,  I  published  a  short  paper  rec- 
ommending its  use  with  certain  poisonous  liquids,  for  the  disin* 
fection  and  preservation  of  insect  cabinets.    I  have  personally 
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taught  its  application  for  that  purpose  to  many  fViends,  and  in 
several  museums  both  in  this  country  and  Europe;  and  the  re- 
sults have  been  in  every  way  satisfactory,  even  the  most  delicate 
specimens  being  uninjured  by  the  spray. 

When  the  question  of  locusts  became  of  importance  last  year, 
and  the  Colorado  potato-beetle  began  to  be  very  troublesome  in 
the  Atlantic  States,  I  spoke  with  several  commercial  friends  and 
others  about  the  propriety  of  making  atomizers  of  large  size  for 
the  destruction  of  these  pests.  In  consequence  of  delay  in  the 
measures  they  thought  necessary  to  command  the  attention  and 
security  of  a  manufacturer,  no  progress  has  yet  been  made  for 
introducing  such  a  contrivance  into  general  use.  Meanwhile,  a 
small  apparatus,  consisting  of  an  atomizer,  a  bank  of  fluid 
supported  on  the  back,  and'a  pair  of  bellows  fixed  at  the  side  of 
the  operator  has  been  independently  introduced  by  a  manufactur- 
ing establishment  in  Pennsylvania,  and  I  have  been  told  is  some- 
what of  a  favorite.  It  will  doubtless  be  useful  to  a  limited 
extent,  and  is  I  believe  not  patented. 

I  have  now  expressed  to  you  my  views  concerning  the  organiza- 
tion and  methods  required  for  the  subjugation  of  our  most  import- 
ant insect  foes. 

The  organization  recommended  can  be  effected  only  by  the 
strong  appeal  of  the  people,  where  agricultural  interests  dominate, 
for  proper  instruction  from  the  Grovemment,  and  proper  protection 
by  legislative  power.  We  have  game  laws  to  protect  our  useful 
wild  animals ;  thistle  laws  to  guard  against  extension  of  noxious 
weeds :  why  not  have  insect  laws  for  destruction  of  agricultural 
pests? 

Farmers  of  the  West  I  are  you  willing  to  exert  yourselves  to 
procure  this  result?  The  prize  is  a  rich  one;  it  is  no  less  than 
immunity  from  an  annual  destruction  of  property  quadruple  or 
sextuple  that  of  the  great  Chicago  conflagration. 
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Locusts  as  Food  fob  Man.    By  Chas.  Y.  Rilet,  of  St.  Louis, 
Missouri. 

In  the  few  words  I  liave  to  communicate  under  this  head,  it  is 
not  my  purpose  to  inflict  a  long  dissertation  on  edible  insects. 
The  subject  has  been  sufficiently  treated  of  by  various  authors, 
and  especially  by  Kirby  and  Spence  in  their  admirable  Introduc- 
tion to  Entomology ;  while,  within  the  year,  Mr.  W.  R.  Gerard 
has  brought  together  most  of  the  facts  in  a  paper  entitled  ^^  Entom- 
ophagy,"  read  before  the  Poughkeepsie  Society  of  Natural 
History.  It  is  my  desire,  rather,  to  demonstrate  the  availability 
of  locusts  as  food  for  man,  and  their  value,  as  such,  whenever,  as 
not  unfrequently  happens,  they  depriye  him  of  all  other  sources 
of  nourishment. 

With  the  exception  of  locusts,  most  other  insects  that  have 
been  used  as  food  for  man,  are  obtained  in  small  quantities,  and 
their  use  is  more  a  matter  of  curiosity  than  of  interest.  They 
have  been  employed  either  by  exceptional  individuals  with  per- 
verted tastes,  or  else  as  dainty  tit-bits  to  tfckle  some  abnormal 
and  epicurean  palate.  Not  so  with  locusts,  which  have,  from  time 
immemorial,  formed  a  staple  article  of  diet  with  many  peoples, 
and  are  used  to-day  in  large  quantities  in  many  parts  of  the  globe. 

Any  one  at  all  familiar  with  the  treasures  on  exhibition  at  the 
British  Museum,  must  have  noticed  among  Hs  Ninevah  sculptures, 
one  in  which  are  represented  men  carrying  different  kinds  bf 
meat  to  some  festival,  and  among  them  some  who  carry  long  sticks 
to  which  are  tied  locusts — thus  indicating  that  in  thosis  early 
days,  represented  by  the  sculpture,  locusts  were  sufficiently  es- 
teemed to  make  part  of  a  public  feast.  They  are  counted  among 
the  '^ clean  meats"  in  Leviticus  (xi:  22),  and  are  referred  to  in 
other  parts  of  the  Bible,  as  food  for  man.  In  most  parts  of 
Europe,  Asia  and  Africa,  subject  to  locust  ravages,  these  insects 
have  been,  and  are  3^et,  extensively  used  as  food.  Herodotus 
mentions  a  tribe  of  Ethiopians  ^^  which  fed  o»  locusts  which  came 
in  swarms  from  the  southern  and  unknown  districts,"  and  Living- 
stone has  made  us  familiar  with  the  fact  that  the  locust-eating 
custom  yet  prevails  among  many  African  tribes.  Indeed,  some 
tribes  have  been  called  Acridophagi,  from  the  almost  exclusive 
preference  they  give  to  this  diet.  We  have  it  from  Pliny  that 
locusts  were  in  high  esteem  among  the  Parthians,  and  the  records 
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of  their  use  in  ancient  times,  as  food,  in  southern  Europe  and 
Asia,  are  abundant.  This  use  continues  in  those  parts  of  the 
world  to  the  present  day. 

In  Morocco,  as  I  am  informed  by  one  (Mr.  Trovey  Black- 
more,  of  London)  who  has  spent  some  time  in  that  country, 
they  do  more  or  less  damage  every  year,  and  are  used  extensively 
for  food  whenever  they  abound  so  as  to  diminish  the  ordinary 
food-supply;  while  they  are  habitually  roasted  for  eating  and 
brought  into  Tangier  and  other  towns  by  the  country  people,  and 
sold  in  the  market  places  and  on  the  streets.  The  Jews,  who 
form  a  large  proportion  of  the  population,  collect  the  females  only 
for  this  purpose — having  an  idea  that  the  male  is  unclean,  but 
that  under  the  body  of  the  females  there  are  some  Hebrew  char- 
acters which  make  them  lawful  food.  In  reality  there  are,  under 
the  thorax,  certain  dark  markings  —  the  species  used,  and  which 
is  so  injurious  to  crops,  being  the  Acridium  perigrinum,  Radosz- 
kowski,  President  of  the  Russian  Entomological  Society,  tells  me 
that  they  are  also,  to  this  day,  extensively  used  as  food  in  southern 
Russia;  while  many  of  our  North  American  Indian  tribes,  and 
notably  the  Snake  and  Digger  Indians  of  California,  are  known 
to  feed  upon  them.  No  further  evidence  need  be  cited  to  prove 
the  present  extensive  use  of  these  insects  as  articles  of  food.  Let 
us  then  briefly  consider  the  nature  of  this  locust  food  and  the 
different  methods  of  preparing  it. 

The  records  show  us  that  in  ancient  times  these  insects  were 
cooked  in  a  variety  of  ways.  CEdipoda  migratoria  and  Acridium 
perigrinum,  which  are  the  more  common  devastating  16custs  of 
the  "  old  World,"  are  both  of  large  size,  and  they  are  generally 
prepared  by  first  detaching  the  legs  and  wings.  The  bodies  are 
then  either  boiled,  roasted,  stewed,  fried  or  broiled.  The  Romans 
are  said  to  have  used  them  by  carefully  roasting  them  to  a  bright 
golden  yellow.  At  the  present  day,  in  most  parts  of  Africa,  and 
especially  in  Russia,  they  are  either  salted  or  smoked  like  red 
herrings.  Chenier,  in  his  account  of  the  Empire  of  Morocco 
(London,  1788),  says  that  thus  cured,  they  are  brought  into  the 
market  in  prodigious  quantities,  but  that  they  have  ^'an  oily  and 
rancid  taste,  which  habit  only  can  render  agreeable."  The  Moors 
use  them,  to  the  present  day,  in  the  manner  described  by  Jackson 
in  his  "  Travels  in  Morocco,"  viz. :  by  first  boiling  and  then 
frying  them :  but  the  Jews,  in  tliat  country — more  provident  than 
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the  Moors — salt  them  and  keep  them  for  using  with  the  dish 
called  Dafinaj  which  forms  the  Saturday's  dinner  of  the  Jewish 
population.  The  dish  is  made  by  placing  meat,  fish,  eggs, 
tomatoes — in  fact,  almost  anything  edible  —  in  ajar  which  is 
placed  in  the  oven  on  Friday  night,  and  taken  out  hot  on  the 
Sabbath,  so  that  the  people  get  a  hot  meal  without  the  sin  of 
lighting  a  fire  on  that  day.  In  the  Abbe  Godard's  ^^Descrip- 
tion et  Hiatoire  de  Maroc^*^  (Paris,  1860),  he  tells  us  that,  '^they 
are  placed  in  bags,  salted,  and  either  baked  or  boiled.  They  are 
then  dried  on  the  terraced  roofs  of  the  houses.  Fried  in  oil  they 
are  not  bad."  Some  of  our  Indians  collect  locusts  by  lighting 
fires  in  the  direct  path  of  the  devouring  swarms.  In  roasting,  the 
wings  and  legs  crisp  up  and  are  separated,  the  bodies  are  then 
featen  fresh  or  dried  in  hot  ashes  and  put  away  for  future  use. 
Our  Digger  Indians  roast  them,  and  grind  or  pound  them  to  a 
kind  of  flour,  which  they  mix  with  pounded  acorns,  or  with  differ* 
ent  kinds  of  berries,  make  into  cakes  and  dry  in  the  sun  for 
future  use. 

The  species  employed  by  the  ancients  were  doubtless  the  same 
as  those  employed  at  the  present  day  in  the  East,  viz. :  the  two 
already  mentioned,  and  to  a  less  degree,  the  smaller  Caloptenus 
Italicus.  We  have  no  records  of  any  extended  use  of  our  own 
Bocky  Mountain  species  {Caloptenus  spretus)^  unless — which  is  not 
improbable  —  the  species  employed  by  the  Indians  on  the  Pacific 
coast,  should  prove  to  be  the  same,  or  a  geographical  race  of  the 
same. 

It  had  long  been  a  desire  with  me  to  test  the  value  of  this 
species  {spretus)  as  food,  and  I  did  not  lose  the  opportunity  to 
gratify  that  desire  which  the  recent  locust  invasion  into  some  of 
the  Mississippi  Valley  states  ^offered.  I  knew  well  enough  that 
the  attempt  would  provoke  to  ridicule  and  mirth,  or  even  disgust, 
the  vast  majority  of  our  people,  unaccustomed  to  anything  of  the 
sort,  and  associating  with  the  word  insect  or  *^  bug,"  everything 
horrid  and  .repulsive.  Yet  I  was  governed  by  weightier  reasons 
than  mere  curiosity,;  for  many  a  family  in  Kansas  and  Nebraska 
was  last  year  broaght  to  the  brink  of  the  grave  by  sheer  lack  of 
food,  while  the  St.  Louis  papers  repotted  cases  of  actual  death 
fh>m  starvation  in  some  sections  of  Missouri,  where  the  insects 
abounded  and  ate  up  every  green  thing,  the  past  spring. 

Whenever  the  occasion  presented  I  partook  of  locusts  prepared 
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in  difTerent  ways,  and,  one  day,  ate  of  no  other  kind  of  food, 
and  mast  have  consumed,  in  one  form  and  another,  the  substance 
of  several  thousand  half-grown  locusts.  Commencing  the  experi- 
ments with  some  misgivings,  and  fully  expecting  to  have  to  over- 
come disagreeable  flavor,  I  was  soon  most  agreeably  surprised  to 
find  that  the  insects  were  quite  palatable,  in  whatever  way  pre- 
pared. The  flavor  of  the  raw  locust  is  most  strong  and  disagree- 
able, but  that  of  the  cooked  insects  is  agreeable,  and  sufficiently 
mild  to  be  easily  neutralized  by  anything  with  which  they  may  be 
mixed,  and  to  admit  of  easy  disguise,  according  to  taste  or  fancy. 
But  the  great  point  I  would  make  in  their  favor  is,  that  they  need 
no  elaborate  preparation  or  seasoning.  They  require  no  disguise, 
and  herein  lies  their  value  in  exceptional  emergencies ;  for  when 
people  are  driven  to  the  point  of  starvation  by  these  ravenous 
pests,  it  follows  that  all  other  food  is  either  very  scarce  or 
unattainable.  A  broth,  made  by  boiling  the  unfledged  Cdhpteni 
for  two  hours  in  the  proper  quantity  of  water,  and  seasoned  with 
nothing  in  the  world  but  pepper  and  salt,  is  quite  palatable,  and 
can  scarcely  be  distinguished  from  beef  broth,  though  it  has  a 
slight  flavor  peculiar  to  it  and  not  easily  described.  The  addition 
of  a  little  butter  improves  it,  and  the  flavor  can,  of  course,  be 
modified  with  mint,  sage,  and  other  spices,  ad  libitum.  Fried  or 
roasted  in  nothing  but  their  own  oil,  with  the  addition  of  a  little 
salt,  and  they  are  by  no  means  unpleasant  eating,  and  have  quite 
a  nutty  flavor.  In  fact,  it  is  a  flavor,  like  most  peculiar  and  not 
unpleasant  flavors,  that  one  can  soon  learn  to  get  fond  of.  Pre- 
pared in  this  manner,  ground  and  compressed,  they  would  doubt- 
less keep  for  a  long  time.  Yet  their  consumption  in  large 
quantities  in  this  form  would  not,  I  think,  prove  as  wholesome  as 
when  made  into  soup  or  broth ;  for  I  found  the  chitinous  covering 
and  the  corneous  parts  —  especially  the  spines  on  the  tibiae  —  dry 
and  chippy,  and  somewhat  irritating  to  the  throat.  This  objection 
would  not  apply,  with  the  same  force,  to  the  mature  individuals, 
especially  of  larger  species,  where  the  heads,  legs  and  wings  are 
carefully  separated  before  cooking;  and,  in  fact,  some  of  the 
mature  insects  prepared  in  this  way,  then  boiled  and  afterward 
stewed  with  a  few  vegetables,  and  a  little  butter,  pepper,  salt  and 
vinegar,  made  an  excellent  fricassee. 

Lest  it  be  presumed  that  these  opinions  result  from  an  unnatural 
palate,  or  from  mere  individual  taste,  let  me  add  that  I  took  pains 
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to  get  the  opinions  of  many  other  persons.  Indeed,  I  shall  not 
soon  forget  the  experience  of  my  first  culinary  effort  in  this  line 
—  so  fraught  with  fun  and  so  forcibly  illustrating  the  power  of 
example  in  overcoming  prejudice.  This  attempt  was  made  at  an 
hotel.  At  first  it  was  impossible  to  get  any  assistance  from  the 
followers  of  the  ars  coquinaria.  They  could  not  more  fiatly  have 
refused  to  touch,  taste  or  handle,  had  it  been  a  question  of  cook- 
ing'vipers.  Nor  love  nor  money  could  induce  them  to  do  either, 
and  in  this  respect  the  folks  of  the  kitchen  were  all  alike,  without 
distinction  of  color.  There  was  no  other  recourse  than  to  turn 
cook  myself,  and  operations  once  commenced,  the  interest  and  aid 
of  a  brother  naturalist  and  two  intelligent  ladies  were  soon 
enlisted.  It  was  most  amusing  to  note  how,  as  the  rather  savory 
and  pleasant  odor  went  up  from  the  cooking  dishes,  the  expression 
of  horror  and  disgust  gradually  vanished  from  the  faces  Of  the 
curious  lookers-on,  and  how,  at  last,  the  head  cook  —  a  stout  and 
jolly  Negress  —  took  part  in  the  operations ;  how,  when  the  dilffer- 
ent  dishes  were  neatly  served  upon  the  table  and  were  freely 
partaken  of  with  evident  relish  and  many  expressions  of  surprise 
and  satisfaction  by  the  ladies  and  gentlemen  interested,  this  same 
cook  was  actually  induced  to  try  them  and  soon  grew  eloquent  in 
their  favor ;  how,  finally,  a  prominent  banker,  as  also  one  of  the 
editors  of  the  town  joined  in  the  meal.  The  soup  soon  vanished 
and  banished  silly  prejudice ;  then  cakes  with  batter  enough  to 
hold  the  locusts  together  disappeared  and  were  pronounced  good ; 
then  baked  locusts  with  or  without  condiments ;  and  when  the 
meal  was  completed  with  dessert  of  baked  locusts  and  honey  a  la 
John  the  Baptist,  the  opinion  was  unanimous  that  that  distin* 
guished  prophet  no  longer  deserved  our  sj'mpathy,  and  that  he 
had  not  fared  badly  on  iiis  diet  in  the  wilderness.  Prof.  H.  H. 
Straight,  at  the  time  connected  with  the  Warrensburg  (Mo.) 
Normal  School,  who  made  some  experiments  for  me  in  this  line, 
wrote :  "  We  boiled  them  rather  slowly  for  three  or  four  hours, 
seasoned  the  fluid  with  a  little  butter,  salt  and  pepper,  and  it 
made  an  excellent  soup^  acttially;  would  like  to  have  it  even  in 
prosperous  times.  Mrs.  Johonnot,  who  is  sick,  and  Prof.  Johonnot 
pronounced  it  excellent." 

I  sent  a  bushel  of  the  scalded  insects  to  Mr.  Jno.  Bonnet,  one 
of  the  oldest  and  best  known  caterers  of  St.  Louis.  Master  of 
the  mysteries  of  the  cuisine,  he  made  a  soup  which  was  really 


B.      NATUBAL  HISTORY.  213 

delicioas  and  was  so  pronounced  by  dozens  of  prominent  St. 
Louisians  who  tried  it.  Shaw,  in  his  Travels  in  Barhary  (Oxford, 
England,  1738),  in  which  two  pages  are  devoted  to  a  description 
of  the  ravages  of  locusts,  mentions  that  they  are  sprinkled  with 
salt  and  fried,  when  they  taste  like  crawfish  ;  and  Mr.  Bonnet  de- 
clared that  this  locust  soup  reminded  him  of  nothing  so  much  as 
crawfish  bisque,  which  is  so  highly  esteemed  by  connoisseurs.  He 
also  declared  that  he  would  gladly  have  it  on  his  bill  of  fare  every 
day  if  he  could  get  the  insects.  His  method  of  preparation  was 
to  boil  on  a  brisk  fire,  having  previously  seasoned  them  with  salt, 
pepper  and  grated  nutmeg,  the  whole  being  occasionally  stirred. 
When  cooked  they  are  pounded  in  a  mortar  with  bread  fried 
brown,  or  a  puree  of  rice.  They  are  then  replaced  in  the  sauce- 
pan and  thickened  to  a  broth  by  placing  on  a  warm  part  of  the 
stove,  but  not  allowed  to  boil.  For  use,  the  broth  is  passed 
through  a  strainer  and  a  few  croutons  are  added.  I  have  had  a 
small  box  of  fried  ones  with  me  for  the  past  two  months,  and  they 
have  been  tasted  by  numerous  persons,  including  the  members  of 
the  London  Entomological  Society  and  of  the  Society  ErUomolo- 
gique  de  France.  Without  exception  they  have  been  pronounced 
far  better  than  was  expected,  and  those  fried  in  their  own  oil  with 
a  little  salt  are  yet  good  and  fresh ;  others  fried  in  butter  have 
become  slightly  rancid — a  fault  of  the  butter.  Mr.  C.  Home,  F. 
Z.  S.,  writing  to  Science- Oossip  about  swarms  of  locusts  which 
visited  parts  of  India  in  1863,  says ;  ^*In  the  evening  I  had  asked 
two  gentlemen  to  dinner  and  gave  them  a  curry  and  croquet  of 
locusts.  They  passed  for  Cabul  shrimps,  which  in  flavor  they 
much  resembled,  but  the  cook  having  inadvertently  left  a  hind  leg 
in  a  croquet,  they  were  found  out,  to  the  infinite  disgust  of  one  of 
the  party  and  the  amusement  of  the  other." 

This  testimony  as  to  the  past  and  present  use  of  locusts  as 
human  food  might  be  multiplied  almost  indefinitely,  and  I  hope  I 
have  said  enough  to  prove  that  the  nature  of  that  food  is  by  no 
means  disagreeable.  In  short,  not  to  waste  the  time  of  the 
association  in  further  details,  I  can  safely  assert,  from  my  own 
personal  experience,  that  our  Rocky  Mountain  locust  is  more 
palatable  when  cooked  than  some  animals  that  we  use  on  our 
tables.  I  mention  the  species  more  particularly,  because  the 
flavor  will  doubtless  differ  according  to  the  species,  or  even  accord- 
ing to  the  nature  of  the  vegetation  the  insects  were  nourished  on. 
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I  have  made  no  chemical  analysis  of  this  locust  food,  but  that  it 
is  highly  nourishing  may  be  gathered  fpom  the  fact  that  all  animala 
fed  upon  the  insects  thrive  when  these  are  abundant;  and  the 
fbrther  fact  that  our  locust-eating  Indians,  and  all  other  locust- 
eating  people,  grow  fat  upon  them. 

Locusts  will  hardly  come  into  general  use  for  food  except  where 
they  are  annually  abundant,  and  our  Western  farmers  who  occa- 
sionally suffer  from  them  will  not  easily  be  brought  to  a  due  ap- 
preciation of  them  for  this  purpose.  Prejudiced  against  them ; 
fighting  to  overcome  them,  killing  them  in  large  quantities,  until 
the  stench  from  their  decomposing  bodies  becomes  at  times  most 
offensive — they  find  little  that  is  attractive  in  the  pests.  For 
these  reasons,  as  long  ias  other  food  is  attainable,  the  locust  will 
be  apt  to  be  rejected  by  most  persons.  Yet  the  fact  remains  that 
they  do  make  very  good  food.  When  freshly  caught  in  large 
quantities,  the  mangled  mass  presents  a  not  very  appetizing  ap- 
pearance, and  emits  a  rather  strong  and  not  over  pleasant  odor ; 
but  rinsed  and  scalded,  they  turn  a  brownish  red,  look  muqh  more 
inviting,  and  give  no  disagreeable  smell. 

The  experiments  here  recorded  have  given  rise  to  many  sensa- 
tional newspaper  paragraphs,  and  I  consider  the  matter  of 
Bufl9cient  importance  to  record  the  actual  facts,  which  are  here 
given  for  the  first  time. 

Like  or  dislike  of  many  kinds  of  food  are  very  much  matters  of 
individual  taste  or  national  custom.  Every  nation  has  some 
special  and  favorite  dish  which  the  people  of  other  nations  will 
scarcely  touch,  while  the  very  animal  that  is  highly  esteemed  in 
one  part  of  a  country  is  not  unft'equently  rejected  as  poisonous  in 
another  section.  We  use  many  things  to-day  that  were  considered 
worthless  or  even  poisonous  by  our  forefathers.  Prejudice  wields 
a  most  powerful  influence  in  all  our  actions.  It  is  said  that  the 
Irish  during  the  famine  of  1857,  would  rather  starve  than  eat 
corn-bread ;  and  if  what  I  have  here  written  shall,  in  the  future, 
induce  some  of  our  Western  people  to  profit  by  the  hint,  and  avoid 
suffering  iVom  hunger  or  actual  starvation,  I  shall  not  have  written 
in  vain. 
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Thb  Locust  Plague  ;  How  to  avert  it.    By  C.  V.  Biley,  of  St. 
Louis,  Mo. 

For  three  years  past  the  attention  of  the  nation  has  been 
attracted  to  the  fearfhl  ravages  of  locusts,  or  so-called  ''grass- 
hoppers," in  much  of  the  fertile  country  between  the  Mississippi 
and  the  Rocky  Mountains.  These  ravages  have  been  committed 
by  a  single  species — the  Codoptenua  spretua  Thomas,  or  Rocky 
Mountain  locust.  Insignificant,  individually,  but  mighty  in  its 
collective  power  for  evil,  it  has  so  far  baffled  the  efforts  of  an  in* 
telligeut  and  powerful  nation  to  subdue  it.  In  1873  Minnesota 
and  Iowa  were  sorely  afflicted  by  this  pest,  and  appealed  to  the 
nation  for  assistance  in  relieving  the  consequent  suffering  in  their 
western  counties.  In  1874  the  rav9.ges  of  this  insect  were  so  ex- 
tended and  so  serious  in  several  of  the  Western  States,  but  espec- 
ially in  Nebraska  and  Kansas,  that  even  the  efforts  of  the  state 
authorities,  and  the  generous  assistance  of  the  people  of  the  whole 
Union,  were  insufflcient  to  prevent  a  vast  amount  of  suffering  and 
destitution.  And  during  the  present  year,  in  these  same  States 
and  in  the  western  part  of  Missouri,  we  have  had  a  repetition  of 
these  fearful  ravages,  with  even  greater  intensity.  Some  of  the 
more  fertile  States  of  the  Union  have,  in  short,  been  smitten  by  a 
plague  of  locusts  which,  in  the  amount  of  injury  caused,  and  the 
amount  of  suffering  produced,  as  well  as  in  all  its  essential 
manifestations,  was  a  repetition  of  those  visitations  that  have  oc- 
curred in  the  Old  World  from  time  immemorial,  and  which  have 
been  so  graphically  described  by  ancient  and  modem  authors. 
Indeed,  there  are  few  of  the  members  of  this  Association,  unless 
they  have  had  personal  experience  of  the  facts,  who  can  form  any 
just  conception  of  the  utter  destitution  that  often  follows  the  wake 
of  this  pest.  State  legislatures  have  been  convened  in  extra 
session  to  consider  the  best  means  of  allaying  the  want  and 
suffering  caused  by  the  insect.  Hundreds  of  thousands  of  dollars 
have  been  either  donated  by  individuals  or  appropriated  by  munic- 
ipal authorities  for  this  purpose ;  and  very  justly  too,  since,  when 
such  a  calamity  befalls  any  portion  of  the  community,  the  more 
favored  portion  should  feel  morally  bound  to  relieve  the  distress. 

Yet,  though  so  much  has  been  expended  to  palliate  the  evil, 
and  the  governor  of  my  own  State,  from  the  gravity  of  the  situa- 
tion, felt  it  incumbent  upon  him  to  proclaim  the  3d  of  June  as  a 


216  B.      KATCRAL  BISTORT. 

day  of  fasting,  humiliation  and  prayer,  in  order  that  the  Almighty 
might  be  supplicated  to  rid  the  people  of  the  plague ;  no  special 
effort  has  been  made — not  a  single  dollar  specially  expended — to 
prevent  a  recurrence  of  the  evil.  I  have  said  that  this  locust  has 
so  far  baffled  the  efforts  of  an  intelligent  nation  to  subdue  it ;  I 
should  have  said,  rather,  that  no  serious  and  intelligent  efforts 
have  been  made  to  subdue  it.  We  have  a  Department  of  Agricul- 
ture, which  is  supported  by  large  appropriations  made  annually  by 
congress,  and  I  have  yet  to  learn  that  the  commissioner  at  the 
head  of  that  Department  has  made  any  effort  to  study  or  subdue 
the  locust  plague,  or — supposing  the  means  are  not  at  hand  to 
enable  him  to  cause  the  proper  studies  and  experiments  to  be  in- 
stituted— that  he  has  ever  appealed  to  congress  for  means  to  this 
end. 

In  my  limited,  individual  capacity,  I  have  given  some  study  to 
the  insect,  and  the  burthen  of  my  remarks  will  be  to  show  that 
from  present  knowledge,  we  already  have  the  power  to  materially 
check  the  evil;  and  that  a  few  thousand  dollars  expended  in 
further  research  and  experiment  might  give  us  entire  control  over 
it. 

The  means  to  be  employed  against  the  ravages  of  this  insect  in 
the  more  fertile  country  subject  to  its  periodical  visitations,  but  in 
which  it  is  not  indigenous,  may  be  classed  under  five  heads :  1. 
Natural  agencies;  2.  Artificial  means  of  destroying  the  eggs; 
8.  Such  means  of  destroying  the  unfledged  young ;  4.  Remedies 
against  the  mature  or  winged  insects ;  5.  Prevention.  With  the 
exception  of  the  last,  these  measures  have  already  been  considered 
by  me  in  the  seventh  Missouri  Entomological  Report,  and  in  the 
columns  of  "  The  New  York  Tribune."  I  shall  therefore  barely 
enumerate  them  in  this  connection. 

1.  Natural  Agencies. — These  are  1st,  climatic  conditions 
which  induce  disease  and  prevent  the  insect's  continued  multiplica- 
tion in  much  of  the  country  it  invades ;  2d,  natural  enemies,  con- 
sisting of  birds,  reptiles  and  mammals  which  devour,  or  in  other 
ways  destroy  it,  and  of  predaceous  and  parasitic  species  of  its 
own  class.  The  agencies  in  the  first  and  last  categories  are 
measurably  beyond  man's  control,  and  will  do  their  appointed 
work  uninfluenced  by  his  action ;  but  the  others  are  more  within 
his  control.  Almost  all  birds  inhabiting  the  Western  plains,  feed 
upon  the  locust  and  its  eggs,  and  the  prairie  chicken  and  quail 
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are  untiring  in  this  good  work.  The  States  subject  to  locust 
ravages  should  pass  more  stringent  laws  for  the  better  protection 
of  these  game  birds,  with  which  the  markets  of  the  East  are 
annually  glutted.  Many  of  the  harmless  reptiles — toads,  snakes 
and  lizards — should  be  spared  from  the  ruthless  war  which  most 
persons,  ignorant  of  their  habits,  wage  against  them.  They  will 
only  be  so  spared  when  natural  history  shall  have  acquired  its  due 
importance  in  our  schools,  and  every  farmer's  child  shall  under- 
stand the  habits  of  the  animals,  both  large  and  small,  with  which, 
in  after  life,  it  is  likely  to  come  in  contact,  so  as  at  least  to  be 
able  to  discriminate  between  those  which  are  harmless  or  benefi- 
cial, and  those  which  are  injurious.  Of  the  use  that  can  be  made 
of  domestic  animals  I  shall  have  something  further  to  say  under 
the  third  head. 

2.  ArtificicU  means  of  destroying  the  eggs, — The  fact  that  man 
can  accomplish  most  in  his  warfare  against  locusts  by  destroying 
the*  eggs,  has  long  been  recognized  by  European  and  Asiatic 
governments  liable  to  suffer  from  the  insects.  The  eggs  are  laid 
in  masses,  just  beneath  the  surface  of  the  ground,  seldom  to  a 
greater  depth  than  an  inch  ;  and  high,  dry  ground  is  preferred  for 
the  purpose.  Very  often  the  ground  is  so  completely  filled  with 
these  egg-masses,  that  not  a  spoonful  of  the  soil  can  be  turned  up 
without  exposing  them,  and  a  harrowing,  or  shallow  plowing, 
will  cause  the  surface  to  look  quite  whitish  as  the  masses  break 
up  and  bleach  from  exposure  to  the  atmosphere.  Great  numbers 
will  be  destroyed  by  such  harrowing  or  plowing,  as  they  are  not 
only  thereby  more  liable  to  the  attacks  of  natural  enemies,  but 
they  lose  vitality  through  the  bleaching  and  desiccating  effects 
of  exposure  to  the  atmosphere.  If  deeply  turned  under  by  the 
plow,  many  of  them  will  rot,  and  the  young  that  chance  to  hatch 
will  come  forth  too  late  the  next  year  to  do  much  harm — provid- 
ing the  same  ground  be  not  returned  so  as  to  bring  the  eggs  to 
the  surface  in  the  spring.  Excess  of  moisture  for  a  few  days  is 
fatal  to  the  eggs,  and  they  may  very  easily  be  destroyed  where 
irrigation  is  practicable.  Where  stock  can  be  confined  and  fed  on 
soil  filled  with  such  eggs,  many  of  these  will  be  destroyed  by  the 
tramping.  All  these  means  are  obviously  insufficient,  however, 
for  the  reason  that  the  eggs  are  too  often  placed  where  none  of 
them  can  be  employed.  In  such  cases  they  should  be  collected 
and  destroyed  by  the  inhabitants,  and  the  State  should  offer  some 
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inducement  in  the  way  of  bounty  for  such  collection  and  destruc- 
tion. Every  bushel  of  eggs  destroyed  is  equivalent  to  a  hundred 
acres  of  corn  saved,  and  when  we  consider  the  amount  of  destitu- 
tion caused  in  some  of  the  Western  States  by  the  locust  invasion 
of  1874,  and  that  in  many  sections  the  ground  was  known  to  be 
filled  with  eggs ;  that,  in  other  words,  the  earth  was  sown  with 
the  seeds  of  future  destruction — it  is  surprising  that  the  legisla- 
tures of  those  States  did  not  make  some  effort  to  avert  future  in- 
jury by  offering  a  liberal  price  per  bushel  for  the  eggs.  A  few 
thousand  dollars  taken  out  of  the  State  treasury  for  this  purpose 
would  be  well  spent  and  be  distributed  among  the  very  people 
most  in  need  of  assistance. 

8.  Destruction  of  the  unfledged  Young, — As  I  have  stated  in 
the  articles  already  alluded  to,  ^*  heavy  rolling,  where  the  surface 
of  the  soil  is  sufficiently  firm,  destroys  the  larger  portion  of  them, 
but  is  most  advantageously  employed  when  the  insects  are  most 
sluggish.  They  drive  almost  as  readily  as  sheep,  and  may  be 
burned  in  large  quantities  by  being  driven  into  windrows  or  piles 
of  burning  hay  or  straw.  But  the  experience  of  the  present 
year  convinces  me  that  by  far  the  most  effectual  way  for  man  to 
protect  his  crops  and  do  battle  to  these  3^oung  locust  armies  — 
especially  where,  as  in  West  Missouri,  this  spring,  there  was  no 
hay  or  straw  to  burn  —  is  by  ditching.  A  ditch  two  feet  wide  and 
two  feet  deep,  with  perpendicular  sides,  offers  an  effectual  barrier 
to  the  young  insects.  They  tumble  into  it  and  accumulate,  and 
die  at  the  bottom  in  large  quantities.  In  a  few  days  the  stench 
becomes  great  and  necessitates  the  covering  up  of  the  mass.  In 
order  to  keep  the  main  ditch  open,  therefore,  it  is  best  to  dig  pita 
or  deeper  side  ditches  at  short  intervals,  into  which  the  hoppers 
will  accumulate  and  may  be  buried.  We  hear  much  talk  about 
the  powerlessness  of  man  before  this  mighty  locust  plague ;  but  I 
am  quite  confident  that  here  we  have  a  remedy  that  is  at  once 
thorough  and  effectual,  whereby  the  people  of  some  of  the  l^tates, 
at  least,  may  avert  in  future  such  evil  as  that  which  befell  them 
this  spring.  There  have  been  a  number  of  partial  attempts  at 
ditching  by  simply  turning  a  couple  of  furrows  with  the  plow. 
Even  these  will  often  divert  the  encroaching  insects  from  their 
course ;  but  they  can  never  be  relied  on,  and  you  may  rest  assured 
that  whenever  you  hear  a  man  declare  that  ditching  is  no  protec- 
tion, he  refers  to  such  slovenly,  half-made  ditches.    No  instance 


.     B.      KATUBAL  HISTOHT.  219 

has  come  to  my  knowledge  where  a  ditch,  such  as  I  first  described, 
has  failed  to  effectually  keep  off  the  insects.  Made  around  a  field 
about  hatching  time,  no  hoppers  will  get  into  that  field  till  they 
acquire  wings,  and  by  that  time  the  principal  danger  is  over,  and 
the  insects  are  fast  disappearing.  If  any  should  hatch  within  the 
inclosure,  they  are  easily  driven  into  the  ditches  dug  in  different 
parts  of  the  field. 

'^  There  are  various  other  ways  of  catching  and  destroying  the 
young  locusts,  as  driving  them  into  converging  barriers  by  means 
of  ropes  dragged  on  the  ground,  with  a  person  at  each  end,  and 
then  crushing  them  with  shovels  or  burning  them  by  means  of 
torches  made  of  rags  and  dipped  in  coal  oil  and  attached  to  sticks ; 
catching  them  with  nets,  etc. ;  but  nothing  equals  ditching.  As 
for  protecting  plants  by  the  application  of  powders  and  liquids,  I 
have  come  to  the  conclusion  that  it  is  out  of  the  question." 

If  the  eggs  are  duly  destroyed,  there  will  be  no  trouble  from  the 
young  locusts ;  but  where  these  once  abound,  pecuniary  induce- 
ment to  collect  and*  kill  them  should  be  offered  by  the  State.  It 
is  one  of  the  best  means  of  giving  aid  and  employment  to  the 
sufferers,  who  cannot  pursue  their  ordinary  avocation  till  the 
plague  measurably  leaves  or  is  banished. 

In  this  connection,  I  would  also  urge  the  employment  of  militaiy 
force,  a  large  amount  of  which,  in  times  of  peace,  could  be 
ordered  into  the  field  at  short  notice. 

To  many,  the  idea  of  employing  soldiers  to  assist  the  agricul- 
turist in  battling  with  this  pest  may  seem  amusing  and  farcical 
enough ;  but  though  the  men  might  not  find  glory  in  the  fight,  the 
war  —  unlike  most  other  wars  —  could  only  be  fraught  with  good 
consequences  to  mankind.  In  Algeria  the  custom  prevails  of 
Bending  the  soldiers  against  these  insects.  While  recently  in  the 
south  of  France,  I  found,  to  my  great  satisfaction,  that  at  Aries, 
Bouche  du  Rhone,  where  the  unfledged  locusts  (CcUoptenus  ItalicuSj 
a  species  closely  allied  to  the  Rocky  Mountain  locust)  were  doing 
great  harm,  the  soldiers  had  been  sent  in  force  to  battle  with  them, 
and  were  then  and  there  waging  a  vigorous  war  against  the  tiny 
foes.  A  few  regiments,  armed  with  no  more  deadly  weapon  than 
the  common  spade  sent  out  to  the  suffering  parts  of  Missouri, 
Kansas  and  Nebraska  last  spring,  might,  in  a  few  weeks,  have  en- 
tirely routed  this  pygmean  army,  and  materially  assisted  the 
farmer  in  his  ditching  operations. 
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A  few  other  suggestions,  and  I  will  dismiss  this  part  of  the 
subject.  Hogs  and  poultry  of  every  description  delight  to  feed 
on  the  young  hoppers,  and  will  flourish  where  these  abound  when 
nothing  else  does.  It  will  be  well,  in  the  event  of  a  future  inva- 
sion, for  the  people  in  the  invaded  districts  to  provide  themselves 
with  as  large  a  quantity  as  possible  of  this  kind  of  stock.  Where 
no  general  and  systematic  efforts  were  made  to  destroy  either  the 
eggs  or  the  young  locusts,  and  it  is  found  that,  as  spring  opens, 
these  young  hatch  out  in  threatening  numbers,  the  intelligent 
farmer  will  delay  the  planting  of  everything  that  he  cannot  pro- 
tect by  ditching,  until  the  very  last  moment,  or  till  toward  the  end 
of  June  —  using  his  team  and  time  solely  in  the  preparation  of 
his  land.  In  this  way  he  will  not  only  save  his  seed  and  the  labor 
of  planting,  and,  perhaps,  replanting,  but  he  will  materially  assist 
in  weakening  the  devouring  armies.  Men  planted  this  spring  and 
worked  with  a  will  and  energy  born  of  necessity,  only  to  see  their 
crops  finally  taken,  their  seed  gone,  and  their  teams  and  themselves 
worn  out.  The  locusts  finally  devoured  every  green  thing,  until, 
finding  nothing  more,  they  began  to  fall  upon  each  other  and  to 
perish.  This  critical  period  in  their  history  would  have  been 
brought  about  much  earlier  if  they  had  not  had  the  cultivated 
crops  to  feed  upon ;  and  if  by  concert  of  action  this  system  of 
non-planting  could  at  first  have  been  adopted  over  large  areas,  the 
insects  would  have  been  much  sooner  starved  out  and  obliged  to 
congregate  in  the  pastures,  prairies  and  timber.  Moreover,  the 
time  required  for  early  planting  and  cultivating,  if  devoted  to 
destroying  the  insects  after  the  bulk  of  them  hatch  out  toward 
the  end  of  April,  would  virtually  annihilate  them.  The  multiplica- 
tion of  any  species  of  animal  beyond  the  power  of  the  country 
to  support  it,  inevitably  proves  the  destruction  of  that  species 
unless  it  is  able  to  migrate.  Let  fifty  batches  of  canker-worm 
eggs  hatch  out  on  a  single,  somewhat  isolated,  apple  tree,  and  not 
one  worm  will  survive  long  enough  to  mature.  The  leaves  of  the 
tree  will  all  be  devoured  before  the  worms  are  half  gi'own,  and 
the  latter  must  then  inevitably  perish ;  whereas,  if  only  a  dozen 
batches  of  eggs  had  hatched  on  that  tree,  the  worms  might  all 
have  lived  and  matured.  In  the  same  way  the  young  locusts 
must  inevitably  perish  whenever  they  are  so  numerous  as  to  de- 
vour every  green  thing  before  they  become  fiedged;  and  under 
certain  circumstances,  the  sooner  such  a  condition  of  things  is 
brought  about  the  better. 
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4.  Destruction  of  the  Winged  Insects. — Man  Is  comparatively 
powerless  before  the  vast  swarms  that  wing  their  way  from  their 
native  breeding  places,  and  this  part  of  the  subject  may  be  passed 
over  in  this  connection. 

5  Prevention. — What  I  have  so  far  said,  is,  perhaps,  of  more 
interest  to  the  farmer  than  to  the  members  of  this  association ; 
but  in  dealing  with  the  fifth  mode  of  counteracting  the  injuries  of 
the  Rocky  Mountain  locust,  I  appeal  more  especially  to  your  wis- 
dom and  judgment.  Prevention  in  dealing  with  insect  ravages,  is 
always  better  than  cure.  "  A  little  fire  is  quickly  trodden  out, 
which,  being  suffered,  rivers  cannot  quench."  The  proper  way  to 
deal  with  this  insect  is  to  attack  it  in  its  native  breeding  places. 
It  is  a  fact  that  does  not  speak  well  for  some  of  the  countries 
of  the  Old  World  subject  to  locust  injuries,  that  it  is  to  this  day 
not  known  whence  many  of  the  devastating  swarms  have  their 
origin.  But  because  European  nations  have  hitherto  shown  leth- 
argy on  this  subject,  it  is  no  reason  why  we  should.  Let  us  rather 
in  this,  as  we  have  in  so  many  things,  set  an  example  which  they 
•will  be  glad  to  follow.  In  my  7th  report  I  have  shown  that  the 
insect  is  not  autochthonous  in  much  of  the  more  fertile  country 
it  devastates,  and  that  it  is  never  injurious  east  of  the  1 7th  me- 
ridian. I  have  also  given  reasons  for  believing  that  the  swarms 
from  which  we  most  suffer  originate  in  the  Rocky  Mountain  re- 
gions of  Dakota,  Wyoming,  Montana  and  British  America.  Our 
efforts  should  be  directed  to  the  restriction  of  the  species  within 
its  natural  limits. 

In  conclusion,  the  most  important  results  are  likely  to  flow  from 
a  thorough  study  of  the  Rocky  mountain  locust  in  its  native 
haunts  and  breeding  places.  By  learning  just  when  and  how  to 
strike  the  insect,  so  as  to  prevent  its  undue  multiplication  there — 
whether  by  some  more  extensive  system  of  irrigation,  based  on 
improved  knowledge  of  the  topography  and  water  supply  of  the 
country,  or  by  other  means  of  destroying  the  eggs  —  we  may  hope 
to  protect  the  fertile  States  to  the  east  from  future  calamity.  This 
knowledge  can  never  be  acquired  by  any  single  individual.  The 
subject  is  of  national  importance  and  should  receive  the  consider- 
ation of  the  National  Government.  If  there  were  no  other  ques- 
tion in  economic  entomology  to  be  solved  than  this  one,  it  seems 
to  roe  that  it  would  warrant  the  appeal  made  by  your  retiring 
president,  in  his  paper  read  before  this  section,  to  ask  the  next 
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Congress  to  appoint  such  a  commission  as  that  proposed  in  the 
memorial  presented  for  your  signatures.  It  is  not  merely  the 
question  of  saving  to  the  nation,  in  future,  such  vast  sums  of 
money  as  this  insect  has  filched  from  the  producers  of  some  of 
the  Western  States  (amounting  during  the  past  three  years  to 
many  millions  of  dollars)  ;  it  is  a  question  affecting  the  welfare  of 
whole  commonwealths  on  the  other  side  of  the  Mississippi,  and 
the  ultimate  settlement  of  a  vast  tract  of  country  extending  from 
the  base  of  the  Rocky  Mountains  eastward,  to  which  settlement 
the  ravages  of  the  locust  in  question  offer  the  most  serious  obstacle. 


The  Effect  of  the  Glacial  Epoch  upon  the  DisTRiBinioN  of 
Insects  in  North  America.  By  Aug.  R.  Grote,  of  Buffalo, 
N.Y. 

From  the  condition  of  an  hypothesis,  the  Glacial  epoch  has 
been  elevated  into  that  of  a  theory,  by  the  explanations  it  has 
afforded  to  a  certain  class  of  geological  phenomena.  The  present 
paper  endeavors  to  show  that  certain  zoological  facts  are  consist- 
ent with  the  presence  in  past  times  of  a  vast  progressive  field  of 
ice  gi'adually  extending  over  large  portions  of  the  North  American 
Continent  and  moving  from  the  north  to  the  south.  These  facts 
are  in  the  present  instance  afforded  by  a  study  of  the  Lepidoptera, 
certain  kinds  of  butterfiies  and  moths  now  inhabiting  the  United 
States  and  adjacent  territories.  Before  proceediug  with  the 
subject,  a  brief  statement  of  some  of  the  phenomena  assumed  to 
have  attended  the  advent  of  the  Glacial  Epoch  is  necessary. 

At  the  close  of  the  Tertiary,  the  temperature  of  the  earth's 
surface  underwent  a  gradual  change  by  a  continuous  loss  of  heat. 
The  winters  gradually  became  longer,  the  summers  shorter.  The 
tops  of  granitic  mountains  in  the  east  and  west  of  the  North 
American  continent,  now  in  summer  time  bare  of  snow  and 
harboring  a  scanty  flora  and  fauna,  became,  summer  and  winter, 
covered  with  congealed  deposits.  In  time  the  mountain  snows 
consolidated  into  glacial  ice  which  flowed  down  the*  ravines  into 
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the  valleys.  Meanwhile  the  northern  regions  of  the  continent, 
which  may  have  inaugurated,  submitted  extendedly  to  the  same 
phenomena.  Glacial  ice,  first  made  on  elevations,  finally  formed 
at,  and  poured  over  lower  levels.  Glacial  streams  hnally  united 
to  form  an  icy  sea  whose  frozen  waters  slowly  plowed  the  surface 
of  the  rocks  ;  and  whose  waves,  in  their  movement  from  north  to 
south,  absorbed  the  local  glaciers  in  their  course,  and  extended 
over  all  physical  barriers  into  the  Southern  States  and  down  the 
Valley  of  the. Mississippi.  To  the  main  Ice-sheet,  the  Appalach- 
ians and  Rocky  Mountains  are  supposed  to  have  contributed  their 
local  glaciers.  Before  this  frozen  deluge  the  animals  must  have 
always  retreated.  The  existing  insects  of  the  pliocene  must,  in 
submitting  to  the  change  of  climate  which  accompanied  the  ad- 
vance of  the  glacier,  have  quitted  their  haunts  with  reluctance, 
and  undergone  a  severe  struggle  for  existence,  no  matter  how 
gradually  they  had  been  prepared  for  the  encounter.  We  must 
expect  that  multitudes  of  specific  forms  ultimately  perished  of 
whose  remains  no  traces  have  been  preserved. 

Such  being  a  brief  statement  of  the  outlines  of  the  opening  of 
the  Glacial  Epoch,  we  turn  to  some  facts  offered  by  a  study  of 
our  existing  species  of  butterflies  and  moths.  The  tops  of  the 
White  Mountains  and  the  ranges  of  mountain  elevations  in 
Colorado,  offer  us  particular  kinds  of  these  insects  living  in  an 
isolated  manner  at  the  present  day  and  confined  to  their  respec- 
tive localities.  In  order  to  find  insects  like  them  we  have  to  ex- 
plore the  plains  of  Labrador  and  the  northern  portion  of  the 
North  American  Continent,  in  regions  offering  analogous  condi- 
tions to  those  obtaining  on  the  summits  of  these  mountains.  The 
genera  Oeneia  and  Brenthis  among  the  butterflies,  and  Anarta 
and  Agrotis  among  the  moths,  are  represented  by  the  same  or 
similar  species  in  all  of  the  above  mentioned  localities.  In  the 
case  of  the  White  Mountain  Butterfly,  Oeneis  semideay  we  have  a 
form  sustaining  itself  on  a  very  limited  alpine  area  on  the  top  of 
Mount  Washington.^    Although  there  is  some  doubt  that  precisely 

1  See  Mr.  Scudder's  article  in  the  "  Geology  of  New  Hampehire,"  1 ,849.  Mr.  Scndder 
flrat  pointed  out  the  existence  of  alpine  and  subalpine  fuunal  belts  on  Mount  Washing* 
ton,  and  interestingly  remarks  "  that  if  the  summit  of  Mt.  Washington  wei*e  somewhat 
less  than  two  thousand  feet  higher  it  would  reach  the  limit  of  perpetual  snow."  Con- 
Bult  also,  an  earlier  paper  of  great  yalue  by  Dr.  A.  8.  Packard,  Jr.,  on  "The  Insect 
Fauna  of  the  Summit  of  Mount  Washington  as  compared  with  that  of  Labrador"  (these 
Proceedings,  Vol.  XVI,  161).  Dr.  Packard,  in  comparing  the  climate  of  the  two  locali- 
ties, says:  ^*The  seasons  correspond  Tory  exactly,  as  the  snow  melts  in  the  early  sun* 
mer,  and  ice  is  formed  early  in  the  autumn  at  about  the  same  dates." 
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the  same  form  has  been  discovered  in  Colorado,  the  fact  remains 
that  butterflies  exceedingly  like  it,  though  registered  by  us  under 
different  specific  names,  live  in  Labrador  and  Colorado. 

Whether  the  White  Mountain  Butterfly  be,  as  suspected  by 
Lederer,  a  local  modification  of  some  one  of  the  Labradorian 
forms  or  not,  the  geographical  distribution  which  its  genus  enjo^'s 
cannot  be  meaningless.  The  question  comes  up,  with  regard  to 
the  White  Mountain  Butterfly,  as  to  the  manner  in  which  this 
species  of  Oeneis  attained  its  present  restricted  geographical  area. 
How  did  the  White  Mountain  Butterfly  get  up  the  White 
Mountains  ?  And  it  is  this  question  that  I  am  disposed  to  answer 
by  the  action  attendant  on  the  decline  of  the  Glacial  Epoch. 

I  have  before  briefly  outlined  the  phenomena  attendant  on  the 
advance  of  the  Ice-sheet,  and  I  now  dwell  for  a  moment  on  those 
which  must  equally  be  presumed  to  have  accompanied  its  retire- 
ment. Many  of  the  features  of  its  advance  were  repeated  in 
reverse  order  on  the  subsidence  of  the  main  Ice*sheet  or  Glacial 
sea.  The  local  glaciers  appeared  again  separate  from  the  main 
body  and  filled  the  valleys  and  mountains  and  ravines,  running 
thus  at  variance  with  the  main  body  of  the  Glacier,  being  deter- 
mined by  local  topography.  A  reversal  of  the  temperature 
shortened  the  winters  and  lengthened  the  summers.  Ice-loving 
kinds  of  insects,  such  as  our  White  Mountain  Butterfly,  hung  on 
the  outskirts  of  the  main  Ice-sheet,  where  they  found  their  fitting 
conditions  of  temperature  and  food.  The  main  Ice-sheet  had 
pushed  them  insensibly  before  it,  and,  during  the  continuance  of 
the  Glacial  Epoch,  the  geographical  distribution  of  the  genus 
Oeneis  had  been  changed  from  a  high  northern  region  to  one  which 
may  well  have  included  portions  of  the  Southern  States.  And, 
on  its  decline,  the  Ice-sheet  drew  them  back  again  after  itself  by 
easy  stages;  yet  not  all  of  them.  Some  of  these  butterflies 
strayed  by  the  way,  delayed  by  the  physical  nature  of  the  country 
and  destined  to  plant  colonies  forever  separate  from  their 
companions.  When  the  main  Ice-sheet  left  the  foot  of  the  White 
Mountains,  on  its  long  march  back  to  the  pole  where  it  now  seems 
to  rest,  some  of  these  wayward,  flitting,  Oeneis  butterflies  were 
left  behind.  These  had  strayed  up  behind  the  local  glaciers  on 
Mount  Washington,  and  so  became  separate  from  the  main  body 
of  their  companions  which  journeyed  northward,  following  th6 
retirement  of  the  main  Ice-sheet.    They  found  in  elevation  their 
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congenial  food  and  climate,  and  they  have  followed  these  gradu- 
ally to  the  top  of  the  mountain,  which  they  have  now  attained  and 
from  which  they  cannot  now  retreat.  Far  off  in  Labrador,  the 
descendants  of  tlieir  ancestral  companions  fly  over  wide  stretches 
of  country,  while  they  appear  to  be  in  prison  on  the  top  of  a 
mountain. 

I  conceive  that  in  this  wa}"^  the  mountains  generally  may  have 
secured  their  Alpine  animals.  The  Glacial  Epoch  cannot  be  said 
to  have  expired.  It  exists  even  now  for  high  levels  above  the 
sea  while  the  Laplander  and  Esquimaux  find  it  yet  enduring  in  the 
far  North.  Our  yearly  winters  are  fractions  of  the  Glacial  year. 
Had  other  conditions  been  favorable,  we  might  now  find  Arctic 
man  living  on  snow-capped  mountains  in  the  Temperate  zones. 

At  a  height  of  between  5,600  and  6,200  feet  above  the  sea  and 
at  a  mean  temperature  of  about  forty-eight  degrees  during  a  short 
summer,  the  White  Mountain  Butterflies  {Oeneis  semidea),  yet 
enjoy  a  climate  like  that  of  Labrador  within  the  geographical 
limits  of  New  Hampshire.  And  in  the  cases  of  the  moths ^  an 
analogous  state  of  things  exists.  The  species  Anarta  melanopa  is 
found  on  Mount  Washington,  the  Rocky  Mountains  and  Labrador. 
Agrotis  islandica  is  found  in  Iceland,  Labrador,  the  White  Moun- 
tains, and,  perhaps,  Colorado.^  As  on  islands  in  the  air,  these 
insects  have  been  lefb  by  the  retiring  of  the  ice-flood  during  the 
opening  of  the  Quaternary. 

On  inferior  elevations,  as  on  Mount  Katahdin  in  Maine,  where 
we  now  find  no  Oeneis  butterflies,  these  may  have  formerly  ex- 
isted, succumbing  at  last  to  a  climate  gradually  increasing  in 
warmth  from  which  they  had  no  escape ;  while  the  original  colonic 
zation  in  the  several  instances  must  have  alwafs  greatly  depended 
upon  local  topography. 

In  conclusion,  I  have  briefly  endeavored  to  show  that  the 
present  distribution  of  certain  North  American  insects  may  have 
been  brought  about  by  the  phenomena  attendant  on  the  Glacial 
Epoch.  The  discussion  of  matters  connected  with  this  theoretic 
period  of  the  earth's  history,  still,  as  it  now  appears,  brings  out 
more  and  more  a  clearer  conception  of  its  actuality.    I  hope  that 

'I  have  since  {Ptyche,  1, 131)  recorded  the  firet  indication  of  the  occniTence  of  the 
Arctic  Larla  Jiossii  on  Mount  Washington,  from  a  single  specimen  taken  by  Mi*.  B. 
i^ickmnn  Mann,  above  the  tsee  line. 

>I  believe  Br.  Packard's  identification  of  this  species,. in  Prof.  Hayden's  Beports, 
is  incorrect.   The  Coloradian  species  is  Agrotis  auxUiaria,  Grote. 

A.  A.  A.  S.  VOL.  XXIV.     B.  (15) 
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my  present  statements  may  draw  the  attention  of  our  zoologists 
more  fully  to  the  matter,  seeing  that  we  have  in  our  own  country 
fields  for  its  full  exploration.  And  I  permit  myself  to  believe,  that 
testimony  as  to  the  former  existence  of  a  long  and  widely  spread 
winter  of  the  years,  is  offered  in  evidence  through  the  frail,  brown, 
Oeneis  butterflies,  that  live  on  the  tops  of  the  mountains. 


Ake  Potato-buos  Poisonous?    By  Aug.  R.  Gbotb  and  Adolph 
Eayseb,  of  Buffalo,  N.  Y. 

A  STATEMENT  of  the  polsoniug  qualities  of  the  Doryphora  de- 
cemlineata  or  Potato-bug  has  repeatedly  been  made  in  public 
prints,  and  notably  in  the  Seventh  Report  on  the  Insects  of  Mis- 
souri, by  Professor  C.  V.  Riley.  It  is  claimed  that  by  coming  in 
contact  with  the  bugs  or  inhaling  the  steam  or  smoke  produced  by 
boiling  or  burning  them,  persons  have  exhibited  various  s^'mptoms 
of  cutaneous  or  nervous  disease. 

To  investigate  the  matter,  a  quantity  of  the  bugs,  collected  from 
fields  near  Buffalo  where  no  arsenic  had  been  used,  was  submitted 
to  distillation  with  salt  water  so  as  to  allow  of  an  increased  tem- 
perature. Under  this  process  about  four  ounces  of  liquid  was 
procured  from  one  quart  measure  of  the  insects.  This  liquid  was 
perfectly  clear  and  emitted  a  highly  offensive  smell ;  it  proved  of 
alkaline  reaction  (^  account  of  the  presence  of  a  certain  quantity 
of  free  ammonia  and  carbonate  of  ammonia. 

Again,  an  equal  quantity  of  the  bugs  was  used  to  prepare  a 
tincture  made  as  follows:  Absolute  and  chemically  pure  alcohol 
was  condensed  upon  the  live  bugs ;  after  a  digestion  of  twenty-four 
hours  the  alcohol  was  evaporated  at  a  gentle  heat.  The  tincture 
«o  obtained  had  a  decidedly  acid  reactioli,  was  brown  in  color  and 
not  disagreeable  in  smell. 

To  ascertain  the  effect  on  the  animal  system  of  the  liquid  and 
the  tincture  above  described,  a  number  of  frogs  were  procured 
for  the  experiment.  About  one-half  cubic  centimeter  of  the  liquid 
and  the  tincture  was  introduced,  separately,  into  the  stomach. 
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Neither  the  liquid  nor  the  tindure  prodaced  any  apparent  effects. 
The  vivacity  of  the  frogs  so  treated  continued  unimpaired,  not- 
witiistanding  the  complete  retention  of  the  doses. 

Again,  two  fresh  fi*ogs  were  submitted  to  a  hypodermic  injection 
in  the  hind  legs  of  the  liquid  and  the  tincturSj  by  means  of  an 
ordinary  hypodermic  syringe.  The  injection  of  the  distilled  liquid 
was  unattended  by  injurious  results.  A  slight  disinclination  at 
first  to  use  the  hind  limbs  was  shown  also  in  the  case  of  another 
frog  which  was  treated  hypodermically  with  pure  water,  to  check 
the  results  obtained. 

The  injection  of  the  tincture j  however,  proved  fatal  to  the  patient. 
A  few  moments  after  the  injection  the  leg  operated  upon  seemed 
to  become  paralyzed  and  the  heart  stopped  beating  within  thirty 
minutes  afterward,  by  which  time  the  other  two  frogs  hypodermic 
cally  treated  seemed  to  have  completely  overcome  the  effects  of 
the  operation. 

The  tincture^  although  highly  concentrated,  contained  but  a 
small  quantity  of  animal  acids  which,  when  saturated  with  bases 
of  potassa  and  sodk,  formed  hexagonal  deliquescent  crystals  vis- 
ible under  the  microscope,  but  insufficient  in  quantity  to  analyze. 
It  is  known  that  such  acids  are  very  active  in  their  effects  upon 
the  animal  system.  The  bite  of  a  flea  or  of  a  bed-bug  is  attended 
by  an  introduction  of  acids  which  produce  a  swelling  by  the  coag- 
ulation of  the  albuminous  fluids  of  the  body.  The  rapid  coagula- 
tion of  milk  was  shown  by  the  experiment  of  introducing  a  few 
drops  of  the  tincturej  above  described,  during  the  present  experi- 
ments. In  the  case  of  the  insects  above  mentioned,  especial 
organs  are  occupied  with  the  secretion  of  the  acids  which  serve 
the  insect  economy  by  coagulating  those  parts  of  the  blood  of  the 
victim  which  may  not  be  useful  for  food.  No  such  organs  have 
been  noticed  in  the  Potato-bug.  The  presence  of  the  acid  leads 
us  to  conjecture  as  to  the  origin  of  such  organs,  while  they  have 
apparently  not  become  developed  in  the  Potato-bug.  The  acids 
being  found  to  be  present  in  such  small  quantity  the  conclusion 
is  unavoidable  that  the  bugs  are  not  poisonous  in  the  light  of  the 
present  experiments. 

Rather  does  it  seem  likely  that  the  published  statements  to  the 
contrary  were  based  on  erroneous  observations,  while  it  is 
extremely  probable  that  certain  of  the  more  aggravated  and 
circumstantially  detailed  cases  of  poisoning  are  due  to  the  effects 
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of  arsenic  (Paris  green  and  arsenioas  acid)  which  is  now  pro- 
fUsely  used  for  the  extermination  of  the  bugs.  Many  metallic 
salts  will  produce  cutaneous  irritation ;  when  sublimed  by  heat  the 
inhaled  fumes  of  arsenic  will  produce  nervous  disorder ;  the  effects 
of  the  Paris  green  may  have  been  mistaken  for  those  of  the 
Potato-bugs. 

It  is  credible,  moreover,  that,  when  larger  amounts  of  the  bugs 
are  thrown  into  a  fire  to  destroy  them,  even  when  not  containing 
any  arsenic,  an  incomplete  combustion  might  take  place,  in  which 
case  carbonous  oxide  (C  0)  would  be  produced,  which  would 
certainly  cause  the  evil  effects  complained  of.  It  may  also  be 
remarked  that  previous  to  the  advent  of  the  Potato-bug,  the 
potato-plant  itself  has  not  been  so  freely  handled  as  lately ;  an 
enquiry  as  to  the  effects  of  the  entrance  of  the  minute  hairs  from 
the  leaf  into  the  skin  and  into  the  properties  of  the  Juice  of  the 
plant,  might  show  cause  for  some  symptoms  complained  of. 

At  this  time  when  the  use  of  arsenious  acid  is  forbidden  in 
Germany  in  the  manufacture  of  aniline  colors,  on  account  of  its 
evil  effects  on  living  organisms,  it  may  not  be  thought  improper 
to  call  the  attention  of  the  people  of  our  country  to  the  present 
use  of  arsenic  in  the  culture  of  so  universal  a  food  plant  as  the 
potato. 


A  Method  of  Bleaching  Winos  of  Lefidoptera  to  FACiLrrATS 
THE  Study  of  theib  Venation.  By  Geobob  Dimmock,  of 
Cambridge,  Mass. 

In  the  common  method  of  destroying  the  scales  on  the  wings  of 
Lepidoptera,  for  the  purpose  of  studying  their  venation,  by  means 
of  caustic  alkaline  solutions,  there  is  danger  of  not  arresting  the 
action  at  the  proper  moment  and  consequently  of  destroying  not 
only  the  portions  which  it  is  desirable  to  remove  but  also  the 
scale-supporting  membrane  and  even  the  delicate  veins  themselves* 
An  application  of  a  modification  of  the  chlorine  bleaching  process, 
commonly  used  in  cotton  bleacheries,  obviates  the  necessity  of  re- 
moving the  scales  and  leaves  the  wing  perfect. 


B.      NATURAL  BISTORT.  229 

There  are'  many  ways  in  which  this  kind  of  bleaching  can  be 
done,  bat  I  have  found  that  the  most  convenient  method  of 
applying  the  chlorine  is  as  follows.  The  wings  must  first  be 
soaked  a  few  moments  in  pure  alcohol  in  order  to  dissolve  out  the 
oily  matter  in  them.  If  this  is  not  done  the  surface  of  the  wings 
acts  as  a  repellent,  and  will  not  be  moistened  by  an  aqueous  solu- 
tion. When  the  wings  have  become  thoroughly  soaked  by  the 
alcohol  they  are  ready  to  be  removed  to  a  solution  of  common 
bleaching  powder.  This  bleaching  powder  is  sold  by  druggists  as 
*' chloride  of  lime,"  but  it  is  really  a  mixture  of  calcic  hypo- 
chlorite, calcic  chloride,  and  calcic  hydrate.  Ten  parts  of  water 
dissolve  the  first  two  compounds,  leaving  nearly  all  the  third  sus- 
pended in  the  solution.  The  solution  should  be  made  with  cold 
water,  filtered,  and  kept  in  a  tightly  corked  bottle  until  required 
for  use.  When  the  wings  are  transferred  to  this  solution  the 
bleaching  commences  and  in  an  hour  or  two  the  wings  are  devoid 
of  markings,  although  the  veins  retain  a  light  brown  color.  This 
is  due  to  the  fact  that  chlorine  cannot  quite  decolorize  animal 
matter,  or  any  substance  containing  nitrogen,  as  it  does  vegetable 
tissue. 

The  most  probable  theory  of  the  action  of  this  bleaching 
mixture  is  that  the  chlorine  set  free  from  the  solution  unites  with 
the  hydrogen  of  some  of  the  water,  forming  hydrochloric  acid  and 
setting  free  the  oxygen  of  the  water  to  oxidize  the  coloring 
matter  in  the  tissues.  This  oxidation  forms  new  and  colorless 
compounds  which  are  perhaps  soluble  and  thus  are  entirely  re- 
moved. 

But  to  resume  the  process.  After  the  color  has  sufiiciently  dis- 
appeared from  the  wings  they  should  be  transferred  to  a  wash 
composed  of  one  part  of  strong  hydrochloric  acid  to  ten  parts  of 
water.  And  here  it.  may  be  added  that  in  case  the  bleaching  does 
not  readily  commence  upon  immersion  in  the  bleaching  solution, 
the  action  may  be  hastened  by  a  previous  dipping  in  the  dilute 
hydrochloric  acid.  In  the  bleaching  solution  a  crust  of  calcic 
carbonate,  formed  by  the  union  of  the  calcic  hydrate  of  the  solu- 
tion and  the  carbonic  dioxide  of  the  air,  is  deposited  on  the  wings, 
and  this  calcic  carbonate  the  final  wash  in  dilute  acid  will  remove. 
As  soon  as  the  calcic  carbonate  has  disappeared,  and  all  bubbling, 
consequent  upon  its  decomposition  by  the  hydrochloric  acid,  has 
ceased,  the  wings  should  be  well  soaked  in  pure  water.    They 
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may  then  be  secared  on  cards  with  a  mncilage  of  gum  tragacanth ; 
or  upon  glass  by  the  proper  transfers,  through  alcohol  and  chlo- 
roform, to  Canada  balsam. 

A  solution  of  sodic  hypochlorite,  known  as  Eau  de  Labarraquej 
or  a  solution  of  potassic  hypochlorite,  known  as  Eau  de  JaveUe^ 
when  used  in  place  of  the  solution  of  bleaching  powder  do  not 
leave  a  deposit  of  calcic  carbonate  on  the  wings  and  thus  dispense 
with  the  wash  of  dilute  acid.  A  solution  of  zinc  hypochlorite 
acts  more  delicately  than  a  solution  of  sodic  hypochlorite,  and 
may  be  used  in  place  of  the  latter,  as  may  also  solutions  of 
aluminic  hypochlorite,  or  magnesic  hypochlorite. 

These  bleaching  processes  preserve  the  most  delicate  wings 
nnbroken,  and  where  the  specimens  are  of  rare  species,  ''rubbed" 
wings  can  be  used,  the  absence  of  the  scales  not  being  evident 
after  bleaching.  The  costal  venation  of  the  wings  of  HesperidsB 
can  be  clearly  determined  in  bleached  wings. 

Provided  the  wings  are  not  kept  too  long  in  the  bleaching  solu- 
tion or  in  the  dilute  acid,  the  scales  remain  perfect  and  in  posi- 
tion, although  rendered  so  transparent  that  their  presence  is 
scarcely  noticeable,  even  with  a  lens.  That  they  still  remain  is 
easily  proved  by  examining  the  torn  edge  of  a  piece  of  wing  under 
a  compound  microscope,  when  the  transparent  scales  will  be  seen 
overhanging  the  edge  like  shingles  upon  a  broken  roof. 


Demonstration  of  Locomotion  in  the  laryjc  of  the  CBstridjk. 
By  Charles.  H.  Allen,  of  Chicago,  Illinois. 

(Commanicated  by  O.  S.  Wbstcott.i) 

March  28, 1872, 1  was  called  to  visit  a  boy  10  years  of  age ;  I 
found,  that  for  several  weeks  he  had  a  very  poor  appetite,  had 
been  very  feeble,  had  lost  flesh,  had  restless  nights  and  had  com- 
plained bitterly  of  suffering  from  sensations  of  pricking,  crawling 

>  On  aooonnt  of  Dr.  Allen's  Ulneu  thiB  paper  was  epitomised  and  read  by  Mr. 
Westcott,  of  Chicago. 
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and  biting ; .  all  which  had  increased  in  severity  daring  the  pre- 
vious ten  days.  At  first,  these  sensations  were  observed  in  the 
left  hypochondrium,  but  subsequently  from  point  to  point,  until 
they  became  unusually  marked  in  the  right  hypochondrium  and 
thence  they  extended  up  the  right  front  chest. 

On  stripping  the  boy,  my  attention  was  directed  to  a  yellowish 
line,  extending  from  the  left  to  the  right  side  of  the  front  body, 
precisely  where  the  boy  affirmed  that  he  had  the  aforesaid  sensa- 
tions. I  observed  also  a  much  less  distinct  line  extending  up  the 
right  front  chest,  until  it  reached  the  right  submaxillary  gland, 
over  which  the  cellular  tissue  was  puffed,  but  not  indurated.  Just 
above  and  directly  behind  the  right  ear  I  observed  a  swelling, 
equal  in  size  and  similar  in  form  to  two  medium  sized  peas,  placed 
side  by  side.  The  boy  assured  me,  that  during  the  previous  day 
and  night,  he  had  at  this  point,  behind  his  right  ear,  exactly  the 
same  sensations  that  he  had  previously  had  in  the  front  body  and 
up  the  right  side.  He  affirmed  also,  that  these  sensations  were 
always  more  severe  by  night  than  by  day,  that  he  was  compelled 
to  rub  and  scratch  the  skin,  under  which  these  peculiar  feelings 
existed,  and  yet  the  rubbing  and  scratching  gave  him  no  relief, 
but  rather  increased  his  sufferings  and  gradually  transferred  them 
to  other  points,  and  that  the  aforesaid  sensations  of  pricking  and 
crawling  and  bitinor  never  returned  to  their  former  localities. .  On 
pressing  the  swelling  behind  the  right  ear,  I  thought  I  perceived 
very  slight  motion.  An  incision  was  made  through  the  derma  at 
a  point  directly  over  the  tumor.  A  light  yellow  serum  oozed  out, 
and  on  making  lateral  pressure,  larva  number  one  presented 
itself.  Two  days  afterwards,  the  patient  complained  of  having 
the  same  feelings  at  a  point  directly  over  the  spine  and  an  inch  or 
two  below  the  scapulse.  On  examining  this  spot  I  found  a  tumor 
exactly  like  the  first.  I  saw  no  discoloration,  but  did  see  an 
almost  invisible  lucid  point  on  the  top  of  the  swelling.  On  cutting 
through  the  derma,  the  same  yellowish  fluid  appeared,  and  on 
making  lateral  pressure,  larva  number  two  appeared.  The  boy 
assured  me  that  he  had  not  scratched  this  locality  much  because 
he  could  not  get  at  it. 

A  day  or  two  subsequently,  the  child  had  similar  sensations  on 
the  top  of  his  head.  I  marked  the  spot,  where  I  could  very  in- 
distinctly feel  a  tumor.  I  clipped  the  hair  and  marked  with  nitrate 
of  silver  the  exact  position  and  direction  of  this  swelling.    The 
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next  day  I  found  that  it  had  moved  an  inch,  I  then  cut  through 
the  derma,  when  the  aforesaid  yellowish  fluid  oozed  out,  and  larva 
number  three  appeared.  ^ 

A  few  more  days  passed  away,  when  the  boy  complained  of 
unusual  sufferings  from  the  aforesaid  sensations  in  his  led  wrist ; 
and  there,  sure  enough,  I  found  a  fourth  swelling.  The  larva 
could  be  felt  more  distinctly  than  could  any  one  of  the  others. 
The  exact  spot  in  which  it  was  situated  was  very  distinctly 
marked  by  nitrate  of  silver.  For  the  benefit  of  science,  I  per- 
suaded the  boy  to  let  the  creature  remain  where  it  was  until  the 
next  day.  At  an  early  hour  the  next  morning,  I  was  summoned 
to  visit  the  patient  and  was  informed  that  he  had  a  very  bad 
night,  had  suffered  very  much  more  than  on  any  previous  night. 

On  inspecting  the  spot  so  well  marked  by  nitrate  of  silver,  I 
could  not  find  the  swelling,  or  the  larva,  whose  position  had 
been  so  definitely  indicated.  I  observed  that  the  surface  about 
the  left  elbow  had  a  dark  and  yellowish  tinge,  that  the  cellular 
tissue  was  very  much  swollen  and  indurated,  and  that  the  entire 
elbow  appeared  as  if  it  had  been  badl3'  bruised.  As  the  larva, 
the  presumed  cause  of  all  this  trouble  and  suffering,  could  not  be 
felt,  and  as  the  patient  still  had  the  very  same  feelings  he  had 
experienced  in  his  left  wrist,  it  was  deemed  best  to  make  an 
incision  through  the  derma  at  the  elbow,  at  the  point  where 
these  sensations  were  perceived.  I  requested  J.  M.  Keniston, 
M.  D.,  to  do  this  with  care,  so  that  should  the  larva  be  at  the 
point  indicated  by  the  sensations  of  the  sufferer,  it  would  not  be 
injured,  whereupon,  as  previously,  yellowish  serum  oozed  out  and 
larva  number  four  appeared. 

Two  of  these  larvae  I  presented  to  Dr.  Hagen  of  Harvard 
University,  who,  after  a  careful  examination,  says,  '^  I  think  these 
lai*vae  belong  to  the  order  Diptera,  and  to  the  family  CEstridse,  or 
Botflies.  They  are  in  the  first  larval  state — a  state,  identified  in 
a  few  species  only,  especially  of  those  purely  American — a  specific 
determination  would  be  therefore  nearly  impossible. 

Dr.  F.  Brauer  of  Vienna,  in  his  monograph  of  the  CEstridse, 
published  at  Vienna  in  1863,  describes  and  figures  the  first  larval 
state  of  an  European  species,  Hypoderma  Diana ^  and  his 
descriptions  and  figures  agree  so  well  for  the  parts  of  the  mouth 
and  anus,  that  these  larvae,  though  belonging  to  a  different  species, 
yet  undoubtedly  belong  to  some  of  the  genera  which  live  under 
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the  skin  of  liviDg  animals.  The  reasons,  we  think,  for  believing 
these  larvae  to  be  in  their  first  stage,  are  as  follows :  First,  it  has 
homy  hooks,  as  these  genera  are  undergoing  a  retrograde  metamor- 
phosis in  the  next  stage,  losing  the  horny  hooks  no  longer  nec- 
essary for  their  mode  of  existence.  Secondly,  that  this  is  in  its 
first  stage  of  existence  is  shown  by  nearly  entire  lack  of  spines, 
or  tubercles,  so  characteristic  of  the  later  stages  of  its  larva  state. 
As  the  larva  remains  the  longest  time  in  its  first  stage  of  larva 
life — seven  to  eight  months,  it  is  very  proper  that  the  spines  and 
tubercules  should  be  developed  at  a  later  period,  since  the  larva 
thus  gives  less  irritation  to  its  host  and  can  thus  grow  better 
and  witliout*  harm  to  animals  or  larva.  And  for  a  still  stronger 
reason,  thirdly,  these  larvae  are  shoyfn  to  be  in  the  first  stage  of 
larval  life  by  their  having  respiratory  scaly  plates  on  the  posterior ' 
end  of  the  abdomen,  thus  agreeing  very  well  in  this  regard  with 
Brauer's  figures.  But  I  sec  a  cluster  of  fine  branchiae  adapted  to 
the  skin,  not  mentioned  by  any  naturalist.  Perhaps  these  also 
belong  to  the  first  stage  only,  especially  as  the  first  state  of  the 
genus  to  which  this  larva  belongs  is  still  unkiiown.  This  question 
settled,  that  it  is,  a  larva  belonging  to  the  OGstridae,  we  seek  for 
its  species,  or,  at  least,  for  its  genus. 

There  exists  no  special  work  on  the  North  American  CEstridae. 
The  genera  Hypoderma  and  Dermatolis  are  not  yet  known  as 
coming  from  America,  but  it  is  very  probable  that  Hypoderma 
lives  in  the  United  States." 

Dr.  Hagen  felt  so  great  an  interest  in  the  larvae,  which  I  sent 
him,  that  he  sent  the  other  two  to  Dr.  Brauer  of  Vienna,  who,  Oct. 
16,  1872,  reported,  "  these  larvae  agree  so  well  —  so  exactly  with 
the  description  and  figures  given  by  me  for  the  larvae  of  the  genus 
Hypoderma  —  especially  for  the  species  Hypoderma  Diana  and 
Hypoderma  bovis^  that  I  have  no  doubt,  that  these  larvae  do  be- 
long to  Hypoderma,  and  are  in  the  first  stage  of  larval  life,  and 
the  chitinous  plates  on  the  anal  region  are  Just  as  I  described 
them.  It  is  impossible  to  determine  the  species  of  a  larva  in  its 
first  stage  of  larval  life,  but  surely,  no  difference  exists  between  the 
Hypoderma  Diana  and  the  larvae  from  this  child.  It  would  aid  in 
determining  the  species,  if  we  knew  among  what  animals  this  child 
had  been." 

Here  let  me  say,  that  my  patient  spent  the  summer  of  1871,  at 
Charlottetown,  Prince  Edwards  Island. 
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Before  receiving  Dr.  Brauer's  report,  I  had  directed  a  note  to 
Richard  Johnson,  M.D.,  a  practitioner  of  high  repate  on  that 
Island,  describing  my  case  somewhat  minutely,  and  asking, 
whether,  or  not,  a  case  similar  to  this  had  occurred  on  that  island. 
He  promptly  replied,  ^Hhat  he  had  not  seen  a  case  answering 
my  description,  but  a  case  was  reported  several  years  ago,  as 
possessing  similar  traits.  A  second  case  was  reported  as  having 
occurred  six  years  ago,  but  was  not  witnessed  by  any  medical 
gentleman.  The  facts  as  given  me,  were,  that  a  young  man  of 
20  years  of  age  had  suffered  ttom  what  is  termed  warbles,  or 
wurmals,  a  term  designating  the  swellings  on  the  back  of  the  ox 
produced  by  the  oxfly,  or  CEstrus  bovis.  Thus  I  think  no  doubt 
remains  about  the  origin  of  the  four  larvse,  taken  from  the  cellular 
tissue  of  my  patient.  The  time  of  the  exposure  of  his  naked 
body  to  the  mother  fly  whilst  bathing  almost  daily  in  the  pond  of 
a  pasture,  in  which  were  a  large  number  of  cattle,  and  the  time, 
when  the  bots  in  his  cellular  membrane  appeared,  all  correspond. 

The  larvflB  of  CBstridae  are  divided  into  three  groups,  the  gaatrU 
cuZcB,  which  live  in  the  stomach,  the  caviculce^  which  live  in  the 
nose  or  other  cavities,  the  subcuticulfBj  which  live  in  the  cellu« 
lar  tissue.  The  question  of  some  interest  to  entomologists  is,  do 
the  larvae  of  the  CBstridae  possess  locomotive  powers? 

The  mother  fly  of  the  gastriculcR  deposits  its  eggs  on  the  horse 
for  instance;  the  horse  experiences  some  uneasiness  from  their 
pressure,  tries  to  wipe  them  away  with  its  mouth,  or  tongue,  and 
thus  moistens  them  with  warm  saliva ;  some  adhere  to  its  tongue, 
hatch  at  once  and  instinctively  crawl  down  the  gullet  into  the 
stomach,  their  proper  feeding  ground,  fasten  themselves  by  two 
hooks  to  the  inner  coating  of  the  stomach,  and  arrange  them- 
selves in  rows  as  regularly  as  many  insects  deposit  their  eggs, 
and,  retaining  their  grasp  until  mature  as  larva,  then  let  go  or 
pass  with  the  fseces  to  the  ground,  penetrate  it  and  there  become 
pupse. 

Again,  the  mother  fly  of  the  cavtcvZoe,  as  the  (Estrus  ovia^  de- 
posits her  eggs  on  the  lower  edge  of  the  nasal  cavity  of  the  sheep. 
These  eggs  absorb  moisture,  and,  hatching  at  once,  crawl  up  into 
the  upper  part  of  the  nasal  cavities  or  in  other  open  cavities,  and 
even  into  the  brain,  attach  themselves  by  mouth-hooks  to  the 
mucous  membrane,  or  inner  lining  of  these  cavities,  and  remain 
until  mature  as  larvae ;  then  fall  to  the  ground,  penetrate  it  and 
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there  undergo  their  last  change.    Thus  we  see,  that  the  caviculcB 
have  locomotive  powers.* 

But  do  the  subcuticulai  move?  Entomologists  may  say  no.  Dr. 
Brauer  of  Vienna  says,  they  penetrate  the  skin,  and  go  even 
deeper,  when  disturbed.  How  much  deeper?  The  four  larvae 
taken  from  the  cellular  tissue  of  the  patient  were  disturbed  by  his 
excessive  scratching  and  rubbing,  especially  number  one  and 
number  four,  but  they  did  not  penetrate  any  deeper  and  yet* they 
showed  to  a  demonstration,  that  they  did  move  through  the  cellu- 
lar tissue ;  number  one,  at  least  thirty  inches  and  number  four  at 
least  six  inches. 

Dr.  Hagen,  endorsed  by  Dr.  Brauer,  affirms,  that  these  larvae 
were  of  the  family  CEstridse,  group  subcutkuloej  genus  Hypoderma^ 
in  the  first  stage  of  larval  life.  No  doubt,  the  normal  habit  of  the 
larva  of  the  (Estrua  {Hypaderma)  bovis^  is  to  remain  in  its  nidus 
in  which  its  mother  placed  its  germ.  In  this  case,  the  mother 
made  a  mistake  in  depositing  her  eggs,  as  does  the  dung  fly  in 
depositing  its  ^gs  upon  certain  rank  smelling  plants  instead  of 
npon  decaying  flesh,  showing  that  instinct  is  not  unerring. 

My  observation,  then,  is  that  the  larva  of  the  botfly,  Hypoderma 
bovis^  can  move  through  the  cellular  tissue;  that  my  patient's 
rubbing  and  scratching  compelled  larva  number  one  to  move  from 
the  left  side  to  the  right  side  of  the  boy's  body,  thence  up  to  the 
cellular  tissue  over  the  submaxillary  gland  and  thence  to  the 
space  directly  behind  the  right  ear.  Larva  number  four  moved  from 
the  wrist  to  the  elbow. 

Remembering,  that  the  subciUictUcej  at  maturity,  do  wriggle  out 
of  their  nidus  or  native  home,  and  penetrate  the  ground,  that 
three  of  the  four  larvse  did  move,  and  that  the  one  on  the  back, 
which  was  the  only  larva  that  did  not  move,  had  over  it  through 
the  derma,  a  nearly  invisible  lucid  spot,  which  the  other  three 
ought  to  have  had ;  that  this  one  could  not  be  reached  by  the  boy, 
though  he  had  the  self-same  sensations  in  it  that  he  had  in  the 
other  larval  localities,  we  cannot  escape  the  inference,  that  the 
larvae  of  the  Hypoderma  bovis  when  disturbed,  as  three  of  these 
were,  may, leave  their  homes  and  wander  very  far  through  the 
cellular  tissue. 
I  may  add,  that  after  these  larvae  had  once  commenced  locomo- 

s  It  is  claimed  by  some  modem  inYestigators  that  some  if  not  aU  of  tlie  oavieuim 
areoTeiiTiviparoas.— 0.8.  W.  • 
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tion,  they  may  have  naturally  become  restless  from  want  of  air, 
since  their  respiratory  apparatus  is  situated  in  the  hind  part  of 
the  body,  and  the  lucid  spot  on  the  top  of  the  swelling  is  evidently 
the  channel  through  which  air  may  enter  the  respiratory  organs. 


On  thb  Prihart  Divisions  of  the  Chitonidjb,    By  Philip  P. 
Carpenter,  of  Montreal,  Canada. 

A  laroe  proportion  of  existing  Conchologists  and  Palseontologists 
still  regard  the  Chitons  not  only  as  a  mere  family  of  Prosobranch 
Gasteropods,  closely  allied  to  the  limpets,  but  also  as  consisting 
but  of  one  genus,  with  the  exception,  perhaps,  of  Chitonellus. 
They  are,  however,  a  unique  and  very  ancient  type  of  animals, 
presenting  in  the  main  a  Gasteropodous  Molluscan  form,  but  unit- 
ing to  this  many  special  characters  of  the  Articulates. 

I  have  lately  had  an  opportunity,  through  the  kindness  of  Count 
Pourta16s,  of  examining  probably  the  largest  collection  in  exist- 
ence of  alcoholic  specimens.  This  confirms  my  previous  impres- 
sion that  there  is  unusually  little  difference  in  the  animals  of  the 
whole  group ;  while  the  external  forms  vary  greatly.  Even  if  we 
compare  the  covered  Cryptochiton^  the  exposed  Chiton;  the  worm- 
like Chitonellus^  the  broad  Radsia;  the  Mopalice  advanced  in  front, 
and  the  Schizocfiitona  clipped  behind ;  the  inside  view  of  the  ani- 
mals presents  no  ordinal  divisions,  and  extreme  forms  are  grad- 
ually connected  by  intervening  links. 

.  It  is  natural,  therefore,  that  the  few  naturalists  who  have  clas- 
sified the  group  should  have  availed  themselves  of  superficial 
characters.  But  as  these  appear,  not  coordlnately,  but  in  various 
permutations  and  combinations,  it  is  difficult  to  choose  primary 
characters  which  do  not  interrupt  the  natural  sequence  of  others. 
Gra}*  and  Adams  make  their  primary  divisions  into  the  Pore-bear- 
ing and  Non-pore-bearing  groups ;  while  Middendorff,  who  worked 
more  at  their  anatomy  probably  than  any  other  naturalist,  made 
this  simply  the  lowest  division  of  the  sub-subsections  of  his  sub- 
genera. 
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It  seems  to  me  that  the  most  reliable  characters  are  found  in 
the  articulation  of  the  shelly  valves ;  the  forms  of  which  corres- 
pond, in  relative  importance,  to  the  changes  of  hinge- articulation 
in  bivalves,  and  columellar  marks  in  univalve  shells.  It  is  a 
strange  peculiarity  of  Chitons  that  the  heads  in  the  whole  group 
are  nearly  alike,  and  that  they  show  their  differentiation  at  the 
tails.  We  get,  therefore,  a  primary  division  between  I,  the  RegU' 
lar  CJiitons^  in  which  the  Head  and  Tail  Plates  are  similarly  ar- 
ticulated ;  and  II,  the  Irregular  CJiitona  in  which  the  Tail  Plate 
goes  through  various  modifications.  In  each  of  these  groups  we 
have  the  same  girdle-changes  repeated ;  the  valves  being  more  or 
less  exposed,  and  the  outer  skin  being  bare,  hairy  or  scaly,  with 
or  without  regular  pores. 

Among  known  recent  Chitons,  there  is  a  very  small  group  of 
small  shells,  in  which  the  characters  fade  away  by  the  entire  ab- 
sence of  insertion-plates  round  the  sides.  These  might  naturally 
be  considered  as  ordinary  chitons,  degraded.  But  on  examining 
the  series  of  Palaeozoic  Chitons  in  the  British  Museum,  and  (repre- 
senting a  larger  number  of  species)  in  that  of  Cambridge,  U.  S., 
I  find  that  all  of  them  present  the  same  negative  characters.  The 
same  is  true  of  the  Canadian  Silurian  form,  Priscockiton,  And 
yet,  among  these  ancient  forms,  there  are  species  rivalling  in  size 
the  larger  of  the  living  groups,  and  presenting  similar  variations 
in  the  tail  plate  to  those  now  existing.  As  far^  tJierefore^  as  our 
present  materials  enable  us  to  judge^  there  are  two  fundamental 
types  of  Chitons,  the  Perfect  and  the  Imperfect^  corresponding  to 
the  Placental  and  Implacental  Mammalia.  In  each  of  these  are 
found  the  Regular  and  the  Irregular  forms  previously  noticed ; 
and  in  each  may  have  existed  the  same  changes  of  girdle  charac- 
ters. The  Imperfect  Chitons  began  the  series ;  culminated  in  the 
Carboniferious  period,  in  which  both  Regular  and  Irregular  forms 
were  most  developed  ;  and  retain  their  existence  now  only  in  a  few 
small  genera;  while  the  Perfect  Chitons  began  in  the  Neozoic 
eras,  and  culminate  at  the  present  day. 

If  any  Members  of  the  Association  have  specimens,  either  recent 
or  fossil,  which  they  are  willing  to  lend  me  for  examination,  I 
should  be  particularly  pleased  to  study  them  without  delay ;  as 
the  Smithsonian  Institution  will  shortly  resume  the  printing  of 
my  monograph  of  the  group.  They  can  be  sent  by  post  to  me,  at 
508  Guy  St.,  Montreal,  Canada. 
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Embrtologt  of  the  Fresh-water  Mussels.    By  William  E. 
Brooks,  of  Cleveland,  Ohio.     ' 

The  following  is  an  account  of  some  of  the  more  interesting  re- 
sults reached  by  a  careful  study  of  the  embr3'ology  of  the  Naiades. 

Segmentation  begins  by  the  appearance  of  a  direction-cell,  and 
the  first  cleavage  plane  originates  at  the  point  thus  marked. 

After  segmentation  the  mulberry  mass  forms  a^^gastrula"  by 
invagination.  On  account  of  the  opacity  of  the  yolk  and  its 
small  size  it  was  difficult  to  observe  the  internal  structure  of  the 
gastrula  with  perfect  satisfaction,  but  appearances  seemed  to  indi- 
cate that  the  outer  and  inner  layers  were  in  contact,  thus  obliter- 
ating the  cavity  of  segmentation. 

The  opening  of  the  gastrula  soon  became  closed  by  the  apposi- 
tion of  its  margins,  and  no  traces  of  it  could  be  found  in  eggs  a 
little  more  advanced. 

The  embryo  now  becomes  slightly  lengthened  ;  the  anterior  end 
is  indicated  by  the  presence  of  a  simple  band  of  cilia — the  rudi- 
mentary velum — and  five  or  six  bunches  of  setse  are  seen 
arranged  somewhat  symmetrically  in  pairs  along  opposite  sides  of 
the  now  very  worm-like  embryo. 

During  development  the  ends  of  the  velum  lengthen,  bend 
towards  each  other  and  at  last  unite,  forming  the  closed,  lobed 
circlet  of  cilia  so  characteristic  of  the  embryonic  mollusca. 

The  shell  is  formed  by  the  conversion  of  a  layer  of  epithelial 
cells  upon  the  dorsal  surface  of  the  embr^'o  into  a  horny  cap  or 
hood,  in  or  on  which  the  earthy  matter  is  deposited  in  amorphous 
granules. 

This  hood  is,  at  first,  very  similar  to  the  embryonic  shell  of  a 
gasteropod,  and  is  drawn  down  into  the  sides  of  the  body  by  the 
action  of  the  developing  adductor  muscle,  and  soon  splits  along 
the  back,  thus  forming  the  two  valves  of  the  lamellibranchiate 
shell. 

According  to  these  observations  the  two  valves  of  a  laroelli- 
branch  are  together  the  homologue  of  the  gasteropod  shell,  which, 
in  the  adult,  conforms  much  more  closely  to  the  embryonic  type 
than  does  the  shell  of  an  adult  lamellibranch.  As  Dentalinm  is 
recognized  as  a  form  uniting  the  lamellibranchs  to  the  gasteropod 
stem,  it  is  interesting  to  observe  that  the  growth  of  the  shell  in 
the  embryo  of  Dantalium  also  presents  d  transition  between  the 
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method  observed  in  the  mussel  and  that  known  among  gasteropods. 
According  to  the  observations  of  Lacaze-Duthiers  the  shell  of 
Dentalium  is,  at  first,  as  in  the  gasteropod  and  lamellibranch,  a 
hood  or  cap  upon  the  dorsal  surface  of  the  embryo,  and  bends 
down  into  the  sides  of  the  body  in  the  manner  already  described 
in  the  fresh-water  mussel,  but  does  not  divide  along  the  back,  as 
in  the  mussel,  and  finally  becomes  united  along  its  lower  edges  so 
as  to  form  a  tube. 

The  changes  already  described  take  place  quite  rapidly,  but 
after  the  formation  of  the  shell  development  goes  on  very  slowly 
and  irregularly,  and  the  interbranchial  life  of  Anodonta  impUcata 
extends  over  a  period  of  about  seven  months.  At  the  end  of  this 
time  the  animal  is  furnished  with  a  four-lobed  velum ;  the  byssus- 
filament;  adductor  muscle;  the  retractor  muscles  of  the  region 
of  the  velum,  and  marginal  mantle-muscles.  The  most  anterior 
pair  of  setae,  just  behind  the  velum,  become  modified  into  the 
otocysts. 

The  valves  of  the  shell  are  armed  with  the  hooks  and  booklets, 
so  often  described,  which  are  joined  to  the  shell  by  hinge-liga- 
ments; are  retracted  by  special  muscles,  and  serve  to  lock  the 
two  valves  together  in  the  manner  figured  and  described  by 
Quatrefages. 

After  the  lapse  of  a  somewhat  variable  period  —  about  twenty- 
six  weeks  —  the  young,  700,000  or  more  in  number,  are  discharged 
from  the  body  of  the  parent.  They  are  true  larvae,  diff*ering 
greatly  in  form  and  structure  from  the  adult ;  possessing  organs 
of  which  no  traces  remain  at  a  later  stage,  and  lacking  such 
systems  as  the  circulatory,  branchial  and  digestive.  The  digest- 
ive and  circulatory  organs  mentioned  and  figured  by  Quatrefages 
are  the  lobes  of  the  velum  and  the  coiled  organ  which  forms  the 
byssus ;  and  the  branchial  and  cloacal  openings  noticed  by  Cams 
are,  without  doubt,  the  larger  lobes  of  the  velum. 

In  the  present  unsatisfactory  state  of  our  knowledge  of  the 
development  of  the  marine  lamellibranchs,  it  is  not  very  safe  to 
generalize ;  but  we  may  state  with  confidence,  I  think,  that  the 
Naiades,  like  many  other  fresh- water  animals,  difier  greatly  from 
their  marine  allies  in  the  method  of  development,  and  pass  through 
a  true  larval  stage  at  present  unknown  among  marine  forms. 

So  many  embr3'onic  forms,  throughout  the  animal  kingdom,  have 
been  so  satisfactorily  interpreted  according  to  the  theory  of  evolo- 
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tion,  that  we  fVequently  meet  the  statement,  made  by  very  high 
authorities,  that  as  we  trace  an  animal  back  from  the  mature  form 
to  the  egg  the  special  modifications  of  the  different  organs  dis- 
appear, in  the  individual,  inversely  in  the  order  in  which  they 
were  acquired  by  the  race ;  so  that  in  earlier  and  earlier  stages 
we  find  structures  which  are  shared  by  a  greater  and  greater 
number  of  species,  and  accordingly  may  infer  descent  from  em- 
bryology. 

This  may  be  pretty  nearly  true  where  all  the  animals  of  the 
gi*oup  compared  are  exposed  to  about  the  same  conditions  during 
growth,  but  it  is  possible  to  distinguish  an  embryo  Anodonta  from 
an  embryo  Unio,  and  the  embryos  of  at  least  some  species  of 
Unios  from  each  other,  at  a  stage  so  early  that  they  lack  many 
characteristics  common  to  all  adult  moUusks,  and  while  they  are 
still  enclosed  in  the  egg,  and  carried  in  the  gills  of  the  parent, 
and  exposed  to  what  would  seem  to  be  perfectly  similar  condi- 
tions. Wherever  they  are  exposed  to  dissimilar  conditions  during 
development  we  ought  reasonably  to  expect  the  embryos  of  even 
closely  related  species  to  acquire,  at  any  stage  where  they  are 
needed,  special  modifications  to  meet  varying  conditions.  We 
can  infer  descent  from  embryology,  then,  only  in  those  cases 
where  the  complete  history  of  a  sufficient  number  of  forms  has 
been  traced  to  enable  us  to  separate  what  is  shared  by  all  Itom 
what  has  been  acquired  for  a  special  purpose.  In  the  case  of 
Anodonta  and  Unio  the  gastrula  and  veliger  stages  undoubtedly 
show  relationship,  since  they  have  been  traced  in  so  many  of  the 
invertebrates ;  but,  on  the  other  hand,  I  think  it  will  in  time  be 
shown  that  the  larva  or  '^  glochidium "  is  a  specially  modified 
stage,  adapted  to  a  special  purpose,  and  has  no  bearing  upon  the 
question  of  the  origin  of  the  group. 


Protozoan  Studies.    By  W.  S.  Barnard,  of  Canton,  Illinois. 

(ABBTBACr.) 

In  studying  American  Protozoa,  representatives  of  most  Eu- 
ropean genera  are  found,  and  it  is  seldom  indeed  that  even  a 
new  species  is  discovered.  This  wonderfully  broad  distribution  is 
probably  due  to  their  being  so  exceedingly  small  that  they  may 
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be  carried  from  place  to  place  with  the  minute  particles  of  water  in 
the  air,  or  in  the  moisture  on  the  surface  of  wading,  natatorial  and 
aquatic  animals,  as  well  as  from  the  fact  that  the  numerous  germs 
and  even  the  adult  forms  of  many  are  capable  of  being  dried  up  and 
wafted,  like  particles  of  dust,  upon  the  winds  from  one  part  of  the 
earth  to  another,  and  wherever  they  may  chance  to  fall  into  the 
water  under  favorable  conditions  may  revive,  live  and  multiply. 

A  very  remarkable  rhizopod-genus,  one  of  the  most  curious 
known,  is 

Echinopyxis  Clap,  et  Lachm.  (Centropyxis  Stein). 

Claparede  and  Lachmann  characterize  it  as  having  "a  shell 
fhmished  not  only  with  a  round  opening  giving  passage  to  loco- 
motor pseudopods,  but  also  with  tubular  prolongations  open  at 
their  extremity.  Through  each  of  these  prolongations  can  pass 
out  a  slender  pseudopod,  which  does  not  seem  to  be  of  any  value 
for  locomotion."    They  describe  the  only  species  known  as 

E.  acvleata  (Syn.  ArccUa  aculeata  Ehr.,  Difflugia  aculeata  Perty). 
'^  Diagnosis.  Shell  oblong,  opening  eccentric,  like  the  mouth  of  a 
Spatangus."  This  genus  and  species  a  few  years  sinoe  described 
in  Europe  also  exists  in  America,  where  I  have  observed  it  sev- 
eral times.  Externally  the  shell  seems  to  consist  entirely  of 
agglutinated  sand  grains  and  bears  several  (4-6)  tubules  near  its 
larger  end.  These  minute  tubes  have  the  shape  of  horns,  but  by 
strong  magnifying  power  are  seen  to  be  open  at  (what  with  lower 
power  seems  to  be)  their  points,  from  which  very  slender  pseudo- 
pods  are  occasionally  projected.  Their  substance  appeal's  like 
diatomirij  and  is  an  outward  continuation  of  an  inner  lining,  upon 
which  the  sand  grains  are  incrusted,  as  may  be  best  observed  on 
the  margins  of  broken  shells.  The  question  arises,  for  what  pur- 
pose are  these  small,  spiny  tubes?  They  probably  serve  as  spines 
or  bayonets  for  weapons  of  defence,  as  do  the  diatom  shells  I  have 
observed  fixed  erect  on  another  rhizopod's  shell,  probably  belong- 
ing to  Difflugia  baciUariarum  Ferty,  but  they  probably  also  serve 
some  other  purpose  not  now  understood.  Beside  this  I  have 
studied  in  this  country  several  specimens  representing  two  well 
marked  new  species  as  follows : 

Echinopyxis  tentoriumj  nov.  spec.  The  test  conical  with  a  con- 
cave base  and  bearing  one  tubule  on  its  apex ;  opening  snbcentral. 
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Its  only  decidedly  specific  characters  belong  to  the  shell,  which 
presents  the  general  form  of  a  tent,  or  inverted  funnel,  and  is  so 
opaque  that  nothing  can  be  seen  of  the  amoeboid  animal  within, 
except  its  pseudopods,  which  are  sometimes,  though  seldom,  ex- 
tended from  beneath,  serving  especially  for  locomotion  and  pre- 
hension. Also,  a  delicate  plasmic  point  is  occasionally  projected 
from  the  single  tube  above.  Specimens  of  this  are  found  on  the 
muddy  and  sandy  bottoms  of  creeks  and  ponds  in  New  York. 

Echinopyxis  hemispherical  nov.  spec.  Test  hemispherical,  de- 
pressed  ;  tubules  several  (3-7),  more  or  less  elongated  and  crooked, 
with  large  distal  openings ;  the  main  aperture  subcentral.  This 
form  occurs  also  on  the  muddy  and  sandy  bottoms  of  ponds  and 
creeks  in  New  York.  The  irregular  or  variable  number  of  tubules 
is  probably  due  to  the  fact  that  sometimes  one  or  more  becomes 
accidently  broken  off. 

If  we  admire  the  instincts  of  birds  and  bees,  and  wonder  that 
such  low  animals  as  tubiculous  worms  can  construct  for  their  pro- 
tection encasements  of  united  particles  of  sand,  how  much  more 
marvellous  is  it  that  we  find  organisms  so  low  as  the  amceba, 
almost  structureless  masses  of  living  protoplasm,  endowed  with 
this  wonderful  inherited  habit  of  constructing  artificial  houses  for 
themselves  1 

Evglyplm  tegulifera^  liov.  spec.  This  is  a  very  beautiful  little 
rhizopod  and  is  characterized  by  a  quite  peculiar  and  interesting 
shell.  It  occurs  among  fresh-water  algte,  as  I  have  seen  it  in  New 
York,  with  an  ovoid  test,  glistening  in  strong  light  from  the  effect 
of  a  layer  of  crystalline  blocks  of  unequal  height,  which  pave  the 
external  surface.  The  inner  homogeneous  capsule  upon  which  the 
pavement  lies  is  quite  thick,  exhibiting  the  color  of  diatomin  and 
forming  a  smooth  (not  dentate)  margin  about  the  pseudopodal 
orifice.  Protected  within  this  hard,  rough  case,  lies  the  delicate, 
granular,  plasmic  amasboid  body,  which  does  not  entirely  fill  the 
shell,  but  presents  a  large  nucleus  and  several  small  vacuoles,  at 
times  extending  itself  outwards  by  long,  usually  branching,  some- 
times anastamosing,  pseudopods. 

To  these  were  added  descriptions  of  some  new  infusorian  and 
roiatorian  species. 
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Are  Insects  ant  material  aid  to  plants  in  fertilization  ?    By 
Thomas  Meehan,  of  German  town,  Penn. 

Those  of  us  who  are  growing  gray  remember,  when  our  Botany 
was  young,  the  pleasure  it  gave  us  to  note  the  floral  arrangements 
we  thought  so  perfect  for  insuring  self  fertilization.  For  instance 
we  would  take  a  Fuchsia,  and  note  its  pendulous  flowers,  and  that 
the  anthers  were  so  placed  that  the  pollen  must  fall  on  the  stigma. 
But  modern  science  checks  this  young  exuberance.  The  pollen  of 
the  Fuchsia  is  gelatinous  and  does  not  fall,  and  what  can  we  say  ? 
Yet  if  we  had  looked  deeper,  we  might  have  noted  that  allied 
genera  as  Gaura,  Epilobium,  (Enothcra,  and  even  some  Fuchsias 
had  their  sexual  organs  of  the  same  relative  positions,  and  yet 
with  their  stamens  erect.  But  it  seems  to  be  the  misfortune  of 
popular  science  that  it  fails  to  see  facts,  except  as  they  seem  to 
favor  some  popular  theory  which  it  becomes  fashionable  to  adopt. 
It  is  the  object  of  this  paper  to  show  that  we  are  in  danger  of  a 
similar  prejudice  in  favor  of  the  theory  of  insect  fertilization. 

At  our  last  meeting  in  reply  to  a  question  by  Professor  Cox  as 
to  why  Apocynum  caught  insects,  no  better  thought  could  occur 
to  Professor  Asa  Gray  than  the  playful  remark  that  it  was  simply 
an  illustration  that  even  here  evil  ha(J  found  an  entrance  to  the 
world.  But  while  Professor  Gray  was  cautiously  feeling  his  way 
here.  Dr.  Hooker  on  the  other  side  was  more  venturesome.  He 
was  asking  us  to  imagine  a  time  when  plants  accidentally  per- 
mitted the  accumulation  of  insects  in  some  parts  of  their  structure, 
and  the  practice  became  developed  because  found  useful ;  and  he 
would  probably  have  said  that  Apocynum  was  simply  experiment- 
ing as  to  what  use  it  could  make  of  the  insects  it  had  caught. 
This  reference  illustrates  the  tendency  of  thought  in  regard  to 
insect  fertilization.  MiJller  and  others  teach  that  plants  came  in 
time  to  abhor  in-and-in  breeding,  to  desire  cross  fertilization  ;  and, 
excluding  a  few  cleistogamous  forms  and  some  which  emplo3'ed  the 
winds,  took  on  themselves  color  and  sweet  odors,  as  if  directed 
by  a  sort  of  foreknowledge  that  in  this  way  the}''  could  entrap  in- 
sects into  their  service.  Miiller  indeed  contends  that  some  plants 
came  in  time  to  be  very  choice  in  the  selection  of  lovers,  and  con- 
tracted their  pistils,  and  extended  their  corollas,  so  that  only  a 
certain  class  of  insects  could  enjoy  their  favors.  I  have,  I  know, 
placed  the  plant  as  an  actor,  more  strongly  than  the  distinguished 
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gentletnen  would  who  are  working  in  this  field.  They  take  the 
progression  in  a  more  passive  light.  I  am  referring  to  popular 
apprehension  —  and  after  all  this  is  but  a  metaphysical  distinction 
of  little  moment  here. 

In  any  interpretation  of  this  kind,  it  greatly  changes  our  views 
of  nature.  It  is  not  for  us  to  say  they  are  not  correct,  but  we 
have  a  right  to  insist  that  the  facts  shall  be  subject  to  every  test 
that  sound  reason  may  suggest. 

I  have  thought  it  best  to  take  as  my  text  the  exact  words  of  a 
popular  teacher  of  science.  He  says : — ''AH  plants  with  conspic- 
uously colored  flowers,  or  powerful  odors,  or  honeyed  secretions, 
are  fertilized  by  insects;  all  with  inconspicuous  flowers,  and 
especially  such  as  have  pendulous  anthers,  or  incoherent  pollen, 
are  fertilized  by  the  wind.  Therefore  before  honey  feeding  insects 
existed  the  vegetation  of  our  globe  could  not  have  been  ornamented 
with  bright  colored  flowers.'*  This  view  is  the  general  one,  and 
thus  has  arisen  a  classification  to  which  all  flowering  plants  are 
referred.  They  are  either  Anemophilous^  wind  lovers,  or  Ento- 
mophUouSj  those  which  desire  insect  aid. 

I  may  here  remark  that  a  sort  of  necessity  for  cross-fertilization 
was  perhaps  suggested  by  a  belief  in  a  popular  impression  that  is 
probably  erroneous.  We  thought  nature  had  a  horror  of  in-and- 
in  breeding.  Our  selected  breeds  of  cattle  are  the  results  of  this 
sort  of  selection ;  and  they  have  proved  just  as  healthy  and  pro- 
ductive as  the  veriest  scrub.  But  it  was  thought  they  would  at 
least  revert  to  their  originals  when  the  hand  of  man  was  taken 
away.  But  at  our  last  meeting  Professor  Brewer  showed  this  was 
also  a  mistake.  Quite  recently  Mr.  George  Darwin  has  shown,  in 
a  remarkable  paper  made  up  of  an  extensive  study  of  the  old 
families  among  the  English  nobility,  where  intermarriages  among 
relatives  have  been  a  sort  of  social  necessity  for  ages,  that  the 
popular  idea  is  erroneous.  These  intermarriages  have  resulted  as 
productively  and  as  healthily,  mentally  and  morally,  as  the  average 
marriages  of  the  rest  of  the  world.  The  question  of  insect  ferljli- 
zation  is,  therefore,  no  longer  a  question  of  necessity ;  it  has  to 
stand  on  the  facts  alone  as  they  are  adduced. 

That  some  plants  require  external  aid  is  certain.  Yucca  and 
Orchidese  are  familiar  examples.  But  there  are  general  considera- 
tions which  show  how  limited  insect  aid  must  be.  The  flowers  of 
the  Rocky  Mountain  region  are  beautifully  colored  ;  but  Fremont 
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pathetically  describes  the  solitary  bee  that  rested  on  his  shoulder 
on  the  top  of  Pike's  Peak.  On  my  first  visit  the  comparative 
absence  of  insects  proved  very  annoying  to  the  entomologists  who 
accompanied  me.  It  was  a  frequent  subject  of  conversation 
whether  Fremont's  Bee  was  not  apocryphal,  and  though  a  visit 
some  years  later  found  some  humble  bees  on  Polygonum  bi^orta 
on  Gray's  Peak,  enabled  me  to  do  justice  to  the  veteran  explorer, 
the  incident  shows  how  rare  such  insects  are.  Indeed  the  paucity 
of  animal  life  of  all  kinds  in  the  Rocky  Mountains  is  well  known ; 
but  there  is  no  more  scarcity  of  seed  in  the  colored  flowering 
plants,  than  in  similar  ones  elsewhere.  Nearer  home  we  see  the 
same  thing.  In  many  of  our  woods  spring  flowers  abound,  but 
any  observer  of  woodland  flora  must  have  been  struck,  especially 
in  early  spring,  with  the  rarity  of  insects  about  them.  But  all 
these  plants,  without  any  remarkable  exceptions,  seed  well.  Again 
red  clover  fields  are  favorite  pasture  grounds  for  humble  bees,  but 
when,  as  is  the  case  in  my  vicinity,  the  white  clover  abounds  in 
blossom,  they  totally  abandon  the  red  clover  fields.  I  have 
watched  red  clover  fields  carefhlly  several  times  a  day  for  a  week 
at  a  time,  after  their  abandonment  by  the  bees,  without  seeing  any 
thing  but  a  few,  very  few,  diurnal  Lepidoptera  on  them  occasion- 
ally,  and  certainly  of  no  consequence  for  fertilization  to  this 
immense  extent,  yet  the  flowers  bore  seed  as  fully  as  the  most 
insect-frequented  fleld  would  do. 

General  evidence  of  this  kind  is,  I  think,  fair  presumption 
against  insect  agency  to  any  material  extent. 

But  the  direct  and  positive  evidence  is  what  we  want ;  and  here 
I  find  it  in  great  abundance.  Many  fiowers  are  so  constructed 
among  the  so-called  entomophilous  class,  that  they  must  of  neces- 
sity fertilize  themselves.  I  do  not  refer  to  the  cleistogamous 
plants,  which  seed  without  perfecting  their  corollas,  but  in  regular 
fiowers  where  it  is  not  usually  suspected.  In  Melampyrum  Amer- 
icanum  the  curved  apex  of  the  pistil  is  clasped  by  the  stamens, 
and  held  in  contact  with  the  pollen  just  as  in  a  cleistogamous 
violet.  A  large  number  of  plants  have  their  pistils  covered  by 
their  own  pollen  before  the  fiowers  open.  Of  these  I  have  espec- 
ially for  this  paper  gone  over  observations  previously  made  with 
species  among  Wistaria,  Glycine,  Cercis,  Genista,  Lathyrus,  Col- 
utea,  Ballota,  Leonurus,  Phaseolus,  Pisum,  Linaria,  and  some 
others.    This  is  particularly  the  case  early  in  the  season ;  later 
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the  pollen  sacs  burst  more  generally  about  the  same  time  with  the 
opening  of  the  corolla.  It  may  be  objected  that  the  covering  of 
the  stigma  with  pollen  is  not  fertilization,  as  it  requires  a  peculiar 
condition  of  the  pistil  to  receive  it.  But  pollen  has  a  long  vital- 
ity. Carriere  has  found  its  fertilizing  power  unimpaired  after 
three  months  old  in  one  species,  and  other  cases  have  been  re- 
corded. Not  to  leave  this  point  open,  I  had  some  unexpanded 
flowers  of  Wistaria  sinensis  examined  by  my  friend.  Dr.  Gibbons 
Hunt  of  Philadelphia,  the  accomplished  microscoplst,  who  reports 
that  the  pollen  tubes  had  actually  made  their  descent  through  the 
pistil  towards  the  ovarium. 

But  what  I  regard  as  remarkable  is  that  many  flowers  which 
have  been  taken  by  European  observers  to  illustrate  the  necessity 
of  insect  fertilization,  not  only  fruit  abundantly,  when  they  are  fer- 
tilized before  they  open,  but  in  many  cases  fruit  when  not  visited 
by  insects,  and  in  some  cases,  as  in  Melampyrum^  have  arrange- 
ments for  self  fertilization.  Thus  Dr.  Farrar's  observations  on 
the  Garden  Bean,  in  1869,  Dr.  Ogle's  in  1870,  on  the  Scarlet  Run- 
ner, Mr.  Bennett's  on  the  Pansy ;  and  I  think  I  may  include  Mr. 
Darwin's  on  Clover,  and  those  by  the  author  of  this  paper  on  Lin- 
aria  vulgaris.  In  ray  garden,  I  have  rarely  seen  an  insect  on  the 
Common  Pea ;  yet  every  flower  bears  its  pod.  Its  pistil  is  clothed 
with  hairs  on  the  upper  surface,  and  curved  towards  the  standard, 
with  the  anthers  on  the  upper  side.  As  soon  as  the  anthers  burst, 
they  pass  downward,  brushing  their  pollen  against  the  stigma  and 
covering  it  with  it.  The  Lima  and  Bush  Beans  are  also  rarely 
visited  on  my  grounds,  where  clover  abounds ;  but  are  abundantly 
fertile.  The  pistil  protrudes  in  many  of  these  papilionaceous 
plants,  as  noted  by  authors  above  quoted,  when  an  insect  or  any 
pressure  is  made  to  bear  on  them ;  but  it  will  be  found  that  in 
many  cases,  the  very  movement  makes  them  clutch  as  it  were 
their  own  pollen.  In  the  Violet  and  Pansy,  the  lifting  "  apparatus" 
certainly  throws  the  pollen  on  the  entering  insect's  back ;  but  only 
to  draw  it  against  the  stigma  on  the  exit.  In  the  Wliite  Cldver 
Mr.  Darwin's  experiment  nearly  staggered  me.  It  is  so  rare  there 
is  any  mistake  about  his  facts.  He  says  he  protected  some  from 
bees,  and  they  bore  no  seeds ;  some  exposed  to  bees  perfected 
thousands.  I  am  satisfied  that  in  all  cases  I  examined  of  flowers 
just  before  expanding,  and  before  any  insect  had  interfered  with 
them,  the  pistil  had  received  its  own  pollen.    Mr.  Darwin  does 
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not  say  how  he  protected  his  flowers.  Nutrition  is  often  interfered 
with  by  "  protection  ;"  and  failure  to  seed  follows.  I  endeavored 
to  repeat  the  experiment  of  protection  for  this  meeting.  I  cov- 
ered a  patch  of  clover  with  a  sieve  having  one-eighth  inch  meshes. 
No  bees  could  get  to  them.  I  think  I  may  say  every  flower  per- 
fected seed.  Unfortunately  I  found  on  one  examination  a  small 
sand-wasp  had  ventured  through,  and  was  collecting  pollen  from  a 
flower.  I  do  not  think  any  but  this  one  entered,  still  it  diminishes 
seriously  the  value  of  the  experiment.  I  do  not  care  to  take  the 
time  of  the  meeting  to  refer  in  detail  to  the  immense  number  of 
plants  which  cover  their  pistils  with  their  own  pollen,  and  which 
must  limit  seriously  the  extent  of  the  entomophilous  class ;  as  any 
one,  and  I  hope  he  will  look,  can  find  them  easily.  Even  Miiller 
himself  admits  that  the  four  short  stamens  in  Hesperis  tristis  is  for 
self  fertilization,  in  case  the  two  long  ones  should  fail  to  meet  with 
insects,  for  whose  use  he  thinks  they  were  intended,  and  this  ought 
to  be  as  true  of  all  tetradynamous  plants.  And  yet  so  thoroughly 
has  the  idea  that  all  petaloid  flowers  must  have  insect  aid,  that  be- 
cause a  plant  of  this  class  brought  to  prominent  notice  by  the 
Challenger  expedition,  a  Pringlea,  was  apetalous.  Dr.  Hooker  was 
led  to  suggest  that  it  must  have  the  pollen  of  anemophllous 
plants.  As  this  was  found  to  be  so,  it  is  regarded  as  confirming 
that  view,  and  yet  with  us  Thlaspi  bursa-pastoris^  which  has  no 
visiting  insects  of  consequence  with  us,  has  abundance  of  seed  as 
the  horticulturist  knows  to  his  great  annoyance. 

Indeed  the  interpretation  of  the  uses  of  structure  often  has  two 
sides.  I  believe  I  was  among  the  first  to  suggest  that  the  lever- 
like  false  anther  in  Salvia  was  an  aid  to  cross  fertilization  through 
insect  agency,  yet  I  subsequently  noted  in  the  "  American  Natur- 
alist" for  1871,  that  if  the  plant  had  "sense"  enough  to  plan  such 
a  contrivance,  it  parted  with  that  good  sense  in  Salvia  invol' 
ucrata,  where  the  contrivance  is  perfect,  but  a  subsequent  patent 
spoiled  the  first.  The  Lobelia  is  a  much  used  illustration  of  the 
beautiful  contrivance  to  insure  insect  agency.  I  confess  I  do  not 
understand  how  self  fertilization  is  accomplished  here,  but  I  do 
know  that  L.  erinus,  entirely  protected  from  insects  under  glass, 
seeds  abundantly.  Professor  Gray  says  of  Habenaria  tridentata^ 
that  in  this  species  the  summit  of  the  sterile  anthers  receive  pollen 
and  are  penetrated  by  pollen  tubes ;  how  far  similar  processes 
extend  in  nature,  it  will  do  no  harm  to  consider,  though  out  of 
place  somewhat  in  a  paper  in  which  speculation  is  not  in  order. 
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But  sappose  that  cross  fertilization  by  insect  agency  be  all  that 
is  claimed  for  it?  Let  us  grant  that  there  has  been  an  effort  on 
the  plant's  part  to  avoid  self  fertilization,  and  to  effect  cross 
fertilization  by  insect  aid.  The  question  follows,  what  has  the 
plant  gained  by  it?  If  it  is  not  proved  that  in-and-in  breeding 
—  self  fertilization  —  is  a  detriment  to  continuous  existence,  the 
case,  theoretically,  is  gone.  But  we  have  facts.  Specularia  per^ 
foliata  is  said  by  the  books  to  have  its  earlier  flowers  cleistoga- 
mous ;  but  this  is  only  so  in  open  places.  In  shady  situations  all 
the  flowers  are  of  this  character,  and  it  is  wonderful  how  produc- 
tive and  strong  they  are.  I  know  an  open  wood  in  which  the  plant 
is  a  peculiar  characteristic  of  the  surface  vegetation.  I  never  saw 
one  petaloid  flower  on  these  plants.  Most  of  the  seminal  increase 
in  the  Violet,  especially  those  which  grow  in  woods,  in  those  which 
produce  cleistogamous  flowers,  is  from  this  class.  These  species 
have  held  their  own  better,  are  more  widely  distributed,  are  in 
greater  numbers,  than  those  which  depend  on  increase  from  petaloid 
flowers  alone. 

In  any  theory  of  the  survival  of  the  flttest,  we  must  take  those 
to  be  the  most  fit  to  survive,  which  produce  the  greatest  quantity 
of  seeds,  all  other  conditions  being  equal.  A  plant  which  per- 
fects a  thousand  seeds,  will  have  a  better  chance  of  posterity  than 
an  individual  of  the  same  species  that  perfects  but  a  hundred.  If 
a  plant  thought,  as  one  might  almost  say  in  view  of  popular  theo- 
ries, that  it  would  gain  any  benefit  by  escaping  from  possible 
injury  through  in-and-in  breeding,  and  thus  changed  its  structure 
so  as  to  favor  only  fertilization  by  insect  aid,  we  see  at  once  that 
it  places  itself  in  the  position  of  all  of  us  who  give  up  to  others 
the  doing  of  our  own  work, — it  is  often  not  done  at  all.  This  is 
actually  the  case  with  non  self  fertilizers.  The  Oeranium  is  an 
example  within  general  reach.  In  my  garden  I  have  paid  most 
attention  to  Oeranium  aanguineum.  The  petals  expand  before 
the  rupture  of  the  pollen  sacs.  Five  stamens  elongate,  and  no 
sooner  have  they  reached  their  full  length,  than  the  pollen  cases 
burst  and  the  anthers  fall  off.  The  other  five  follow  in  the  same 
way,  all  before  the  pistils  have  made  their  full  growth.  The  fila- 
ments are  persistent,  close  up  among  the  pistils,  and  seem  really 
in  their  utterly  useless  condition  to  say  that  something  had  gone 
wrong  with  the  plant  in  its  efforts  at  cross  fertilization.  The  seed 
time  tells  the  same  story.  More  than  half  the  flowers  are  without 
seed,  large  numbers  with  only  one  out  of  the  five,  and  very  rarely 
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indeed  are  the  fall  Ave  carpels  fertile.  It  may  be  said  this  is  not 
its  native  coantiy ;  insects  in  its  own  would  have  paid  more  at- 
tention to  their  duties.  But  granting  this,  it  has  lost  the  power 
which  a  self  fertilizer  possesses  of  taking  care  of  itself  both  at 
home  and  abroad.  What  has  Yucca  gained?  It  id  one  of  the 
most  local  in  its  distribution.  Each  species  is  confined  to  limited 
areas  in  comparison  with  self  fertilizers.  Some  seasons  when  the 
insect  fertilizer  is  scarce,  as  insects  of  many  species  often  will  be, 
there  is  barely  a  seed,  as  I  have  witnessed  myself  in  the  chief 
localities  for  Yucca  angustifolia  in  Colorado.  Indeed  its  existence 
depends  on  its  persistent  roots.  If  it  were  an  annual  I  believe 
the  whole  genus  would  now  be  well  nigh  extinct.  It  is  the  same 
with  Orchideae,  another  family  that  has  a  difficulty  in  self  fertil- 
ization. If  one,  without  regard  to  any  theor3r,  but  in  the  light  of 
well  known  facts  in  botanical  geography,  were  to  be  asked  which 
family  he  thought  the  most  likely  to  first  disappear,  I  think  he 
would  say  Orchideie.  They  must  stay  where  their  especial  insect 
lords  are,  and  they  have  to  endure  the  great  chapter  of  accidents, 
without  the  chance  of  escape  to  foreign  lands.  Surely  we  see  that 
self  fertilizers  have  the  advantage  in  the  great  struggle  for  life. 
If  we  were  to  credit  plants  with  a  common  sense  with  which  in 
some  quarters  they  have  been  almost  invested,  I  think  we  must 
award  the  point  of  greatest  wisdom  to  those  which  catch  insects 
and  eat  them,  rather  than  to  those  which  dally  with  them  to  their 
own  final  ruin. 

There  are  plants  which  cannot  fertilize  themselves;  but  why 
must  we  be  driven  to  the  opinion  that  this  is  a  selection, —  a 
choice?  May  it  not  be  rather  what  popularly  we  should  call  a 
necessity  ?  In  the  course  of  ages  may  there  not  be  a  failure  of 
nutritive  power  which  would  interfere  with  the  relation  of  the 
sexual  organs  ?  This  suggestion  is  borne  out  by  facts.  I  have 
already  shown  the  members  of  this  Association  by  numerous  facts 
in  several  papers,  that  the  male  and  female  sex  in  plants,  that  is 
whether  the  male  or  female  organs  in  the  flower  are  most  favored 
in  development,  is  wholly  a  question  of  nutrition.  In  this  paper 
I  have  shown  a  similar  law.  In  the  earlier  flowers  of  the  season 
the  anthers  usually,  in  many  species,  burst  just  before  the  flowers 
open.  Later  in  the  sedton  when  vitality  is  nearer  exhausted  the 
male  has  not  the  same  active  development,  and  perfects  its  pollen 
only  after  the  expansion  of  the  petals.    This  overlooking  of  vital 


250  B.   NATURAL  HISTORY. 

power,  and  looking  to  fertilization  merely  for  fruitfulness,  is  I  be- 
lieve one  cause  of  error  in  the  discussion  of  the  present  question. 
A  flower  has  perfect  pistils  and  stamens.  It  does  not  fruit,  there- 
fore it  was  not  fertilized.  This  is  the  argument.  Indeed  I  may 
here  quote  again  the  exact  language  of  the  author  from  whom  I 
took  my  text.  "Farmers  on  the  banks  of  the  Rhine  reported, 
years  ago,  that  orchards  in  which  bees  are  reared  are  more  pro- 
ductive than  those  in  which  there  are  none."  But  American  ex- 
perience now  is  as  good  as  Rhine  experience  long  ago.  Our 
orchards  are  often  white  with  bloom,  and  hardly  a  fruit  follows ; 
and  again  very  few  flowers,  but  most  of  them  set.  There  may  be 
no  difference  in  the  number  of  bees  about  them.  It  is  wholly  a 
question  of  how  favorable  were  the  influences  of  nutrition  on  the 
maturing  flower  buds  the  fall  before.  I  have  already  shown  that 
the  Wistaria  is  actually  fertilized  by  its  own  pollen,  and  yet  it  is 
notorious  that  the  Wistaria  rarely  seeds  in  this  country,  the  forces 
of  nutrition  not  favoring  it.  Very  slight  local  causes  often  deter- 
mine these  matters.  I  once  had  a  very  large  white  Noisette  rose, 
called  "Woodland  Margaret,"  trained  to  the  roof  of  a  greenhouse 
in  which  was  abundance  of  light,  though  little  sunlight :  but  it 
would  not  flower.  In  summer,  however,  a  few  branches  would 
get  through  a  ventilator  kept  open,  and  these  always  blossomed 
freely.  All  cultivators  of  winter  flowers  know  the  influence 
which  direct  sunlight  has  over  reflected  light  in  the  formation  of 
flowers.  So  a  ringed  branch  produces  flowers,  when  one  un- 
touched does  not.  This  illustrates  the  influence  of  varjung  phases 
of  nutrition  on  the  floral  organs,  and  I  have  no  doubt  that  the 
difference  in  the  conclusions  arrived  at  by  Mr.  Darwin  and*  myself 
in  white  clover,  would  be  accounted  for  in  this  way,  if  all  the  cir- 
cumstances were  known.  Many  instances  illustrating  this  nutri- 
tive influence  might  be  given.  I  will  give  but  one  more.  In  our 
region  the  Cercis  Canadensis  is  very  irregular  in  seeding.  A  tree 
this  year  loaded,  may  not  have  one  seed  vessel  next  year.  In 
older  times  "late  frosts"  furnished  the  explanation,  but  more  re- 
cently imperfect  fertilization.  I  have  a  row  of  fifty-two  trees  about 
fifteen  j^ears  old.  These  are  all  apparently  alike  in  general  health 
and  vigor.  Most  have  no  seeds ;  but  nine  have  a  profusion. 
They  were  all  exactly  alike  as  regard^  fertilizing  conditions. 
Some  peculiar  phases  of  nutrition  aided  the  productive  trees, 
I  have  not  thought  it  necessary  to  occupy  your  attention  by  a 


B.   NATURAL   HISTORY.  251 

long  array  of  facts.  What  I  have  adduced  is  sufficient  I  trust  to 
prove : — 

First ;  that  the  great  bulk  of  colored  flowering  plants  are  self 
fertilizers. 

Secondly ;  that  only  to  a  limited  extent*do  insects  aid  fertili- 
zation. 

Thirdly ;  self  fertilizers  are  every  way  as  healthy  and  vigorous, 
and  immensely  more  productive  than  those  dependent  on  insect  aid. 

Fourthly ;  that  where  plants  are  so  dependent,  they  are  the 
worse  fitted  to  engage  in  the  struggle  for  life,  the  great  underlying 
principle  in  natural  selection. 


Carnivorous  Plants.     By  W.  J.  Beal,  of  Lansing,  Michigan. 

This  is  a  new  term  which  has  lately  been  applied  to  plants  that 
catch  insects  by  various  contrivances. 

In  1768,  over  one  hundred  years  ago,  Mr.. Ellis  discovered  that 
the  Venus  fly  trap  of  North  Carolina,  catches  insects  by  a  pecu- 
liar construction  of  the  tips  of  its  leaves  like  a  steel  trap. 
Numerous  experiments  have  satisfied  botanists  that  flies  are  not 
only  caught,  but  digested  by  a  fluid  poured  out  by  the  plant,  and 
the  materials  absorbed  into  the  tissues  of  the  plant.  In  1780, 
ninet3;-five  years  ago,  the  sun^dew  (Drosera)  was  found  to  catch 
insects  by  its  sensitive  hairs  with  a  sticky  gland  at  the  end  of  each* 

Drosera  rotundifolia^  a  common  little  plant  of  our  marshes  has 
a  round  leaf,  about  the  size  of  a  cent,  sometimes  containing 
eighteen  small  flies.  The  glandular  hairs  move  towards  the  fly 
when  iiTitated. 

Drosera  longifolia  has  a  very  long  slender  leaf  also  covered 
with  glandular  hairs.  It  rapidly  coils  up  from  the  tip  catching 
flies  which  it  devours  and  absorbs. 

North  America  has  eight  species  of  pitcher  plants  {SarracenU 
acece),  the  leaves  of  which  catch  insects.  They  have  stiff  hairs 
inside  pointing  downward  which  prevent  the  escape  of  most  in- 
sects. Some  have  a  sweet  secretion  below  the  opening  at  the  top 
on  the  outside.    This  grows  sweeter  and  sweeter  and  more  abun- 
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dant,  till  it  comes  to  the  opening,  to  entice  foolish  flies  to  the  fatal 
pit  whence  no  fly  ever  returns. 

Catesby,  some  years  ago,  thought  these  pitchers  were  an  asylum 
for  insects  to  escape  from  frogs  and  other  animals.  I  have  here 
some  fresh  specimens  of  Sarracenia  purpurea^  the  only  pitcher 
plant  found  in  our  state.  Pouchet,  in  his  popular  book,  ^^The 
Universe,"  speaking  of  this  plant  says,  ^^The  leaves  rise  from 
spot  to  spot  at  the  feet  of  the  traveller,  and  are  filled  with  pure 
and  delicious  water,  for  the  benefit  of  which  he  is  all  the  more 
grateful  that  he  is  encircled  by  nothing  but  marshes.*'  The  truth 
is  the  water  abounds  in  rotten  bugs  and  worms. 

Of  NepentheSj  there  are  some  thirty  species,  most  of  which 
secrete  honey  on  some  parts  of  their  pitchers,  to  entice  insects 
which  they  catch  and  devour. 

The  spathe  of  Alocasia  catches,  it  is  said,  slugs  and  destroys 
them  in  a  strong  secretion.  For  a  ftiU  account  of  the  above  in- 
teresting plants,  see  Dr.  Hooker's  Inaugural  Address,  last  year, 
at  the  British  Association,  printed  in  *' Nature"  Vol.  10,  p.  366. 

Pinquicula  catches  insects. 

According  to  Mrs.  Treat,  bladderworts  {Utricularia)  catch  in- 
ftisoria  and  other  small  animals.  These  are  taken  by  strange 
devices  in  the  little  bladders  which  work  some  like  miniature  eel 
traps.  The  animals  are  dissolved  and  contents  absorbed  by  the 
plant.  In  addition  to  the  above,  we  have  quite  a  large  number 
of  other  plants  belonging  to  diverse  Natural  Orders,  which  catch 
insects.  The  young  leaves  and  stems  of  Rhododendron  is  one  of 
them.  A  species  of  Plumbago  in  the  green  house,  sent  ftx)m  the 
Agricultural  Department  at  Washington,  has  viscid  hairs  about 
the  fiowers,  large  enough  to  catch  and  hold  a  common  house  fl}^ 
even  if  caught  by  one  or  two  legs.  Several  species  of  PolanUia^ 
Cuphea  viscoaa^  some  species  of  Physalis^  and  Solanum^  catch 
small  insects  by  sticky  hairs  on  the  younger  portions  of  the  plant. 
Many  species  of  SUene  attract,  catch,  and  hold  insects  to  such  an 
extent  that  the  genus  goes  by  the  popular  name  of  ^'  Catch  fly." 

Lychnis  vespertina^  a  kind  of  cockle  sometimes  in  our  wheat 
fields,  also  takes  small  insects.  It  seems  to  digest  them  by  the 
small  glands  at  the  end  of  the  hairs.  We  need  not  necessarily 
suppose  that  they  are  digested  because  they  are  captured  by 
sticky  plants. 

The  large  bud  spales  of  the  horse  chestnut  and  balsam  poplar, 
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in  the  spring  of  the  year  are  often  found  holding  insects  by  the 
sticky  varnish  with  which  the  buds  are  very  copiously  covered. 
We  see  that  the  varnish  may  be  of  use  to  protect  the  inner  deli- 
cate parts  of  the  bud  from  the  inclement  weather,  but  I  am  unable 
to  see  that  insects  are  of  any  advantage  to  the  plant  when  so 
caught.  The  dry  bud  scales  are  sticky  for  a  purpose  which  we 
can  readily  understand.  The  flies  are  most  likely  accidentally 
caught.  Possibly  this  is  the  case  with  some  other  plants  which 
catch  insects  by  a  sticky  secretion  or  other  contrivance.  I  have 
lately  given  some  attention  to  the  Martynia  on  account  of  the 
great  numbers  of  small  insects  which  it  catches  by  glandular 
hairs.  On  August  third,  I  counted  seventy-six  small  Diptera  and 
some  other  insects  on  the  upper  side  of  a  young  leaf  of  about  four 
inches  average  diameter,  and  two  hundred  on  the  under  side. 
The  insects  are  caught  on  all  parts  of  the  plant  which  are  ex- 
posed, on  the  stems,  on  the  calyx  and  corolla,  including  even  the 
throat  of  the  corolla.  Among  a  lot  of  others,  was  one  plant  about 
three  feet  high,  spreading  three  feet  in  diameter,  which,  according 
to  estimate  had  7,200  (seven  thousand  two  hundred)  small  flies 
on  it  at  one  time.  The  hairs  are  very  numerous  all  over  the 
surface.  None  of  them  are  sensitive  as  I  can  find.  They  vary 
exceedingly  in  length,  from  ^  (three-sixteenths)  of  an  inch  to 
ToT>9  o^  ei^en  shorter.  Some  of  them  have  as  many  as  ten  cross 
partitions.  The  contents  of  these  cells  appear  quite  clear,  except 
one  near  the  top,  next  to  the  top  cell.  This  is  larger  than  several 
of  those  below  and  contains  chlorophyll.  It  seems  to  be  some- 
thing like  a  gland.  Above  this  is  a  larger  cell,  with  perpendicu- 
lar atricR  along  its  sides.  When  fresh  and  undisturbed  the  top 
is  nearly  spherical  and  resembles  a  small  drop  of  dew.  The 
secretion  is  quite  copious  and  exceedingly  viscid  with  an  un- 
pleasant odor.  I  placed  some  small  fragments  of  raw  beef  on 
the  glands  one  morning,  but  the  sun  seemed  to  dry  them  up,  much 
as  it  did  those  lefb  on  blades  of  grass  which  had  no  glands.  I 
placed  some  very  minute  portions  on  the  glands  in  a  spot  sheltered 
from  the  direct  rays  of  the  sun.  In  some  cases,  the  whole  of  the 
piece  of  beef  disappeared. 

The  small  insects  seem  to  live  but  a  short  time  although  they 
are  touched  by  only  two  to  four  hairs.  The  substance  seems  to 
be  soon  taken  out  of  the  insects.  In  my  opinion,  it  is  a  true  in- 
sectivorous plant« 
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iNEQUTLATEitAL  LEAVES.     By  W.  J.  Beal  of  Lansing,  Michigan. 

I  WISH  A'ery  briefly  to  call  attention  to  the  inequality  of  the 
lobes  of  many  leaves  and  leaflets,  as  shown  in  a  paper  prepared 
for,  but  not  presented  at,  the  meeting  of  this  Association  held  in 
Indianapolis  ;  also  to  make  some  additional  remarks. 

Many  leaves  have  an  equal  part  each  side  of  the  midrib,  as  in  the 
gi'ape.  Begonia,  hackberry,  red  elm,  American  elm,  and  bass  wood 
have  alternate  two-ranked  leaves  with  the  upper  or  inner  lobe  fullest. 

The  witch  hazel  has  alternate  two-ranked  leaves  with  the  lower 
or  outer  lobe  fullest. 

The  beech,  hazel,  mulbeiry,  grape,  have  alternate  two-ranked 
leaves  with  ^qual  lobes.  The  side  leaflets  of  the  bean,  black  ash, 
hickory,  elder,  poison  ivy,  are  fullest  on  the  lower  side.  The  leaflets 
of  Ailanthus  are  fullest  on  the  upper  or  inner  edge  at  the  base. 

Along  the  middle  of  the  leaflets  of  the  southern  prickly  ash,  they 
are  fullest  on  the  upper  side.  Those  of  the  northern  prickly  ash  are 
fullest  on  the  lower  side.  Hhus  toxicodendron  has  the  lower  edge 
of  the  side-leaflets  fullest.     Wius  copalina  the  reverse  of  this. 

The  opposite  leaves  of  Comus  Florida  are  fullest  on  the  lower 
edge  of  the  side  branches  when  they  are  turned  horizontally.  The 
opposite  leaves  of  several  euphorbias  are  the  reverse  of  Comus, 
The  two  opposite  bracts  of  the  blue  beech  are  fullest  on  the  side 
away  from  the  main  axis. 

The  leaves  of  common  sheep  sorrel  usually  have  one  lobe  the 
larger.  In  the  cotyledons  of  buckwheat,  each  is  fullest  on  its  left 
side  so  they  will  not  match  each  other  till  one  is  turned  over. 

At  the  proper  age  the  axis  of  our  common  four  o'clock  is  ter- 
minated by  a  flower.  On  each  of  the  two  opposite  branches  are  two 
opposite  leaves,  each  of  which  is  fullest  on  the  side  next  the  flower. 

Two  opposite  leaves  of  the  Martynia  have  equal  lobes.  The 
next  two  above,' at  right  angles  to  these,  have  equal  lobes.  From 
the  axile  of  each  of  these  four  symmetrical  leaves  comes  a  branch. 
Each  branch  has  a  small  roundish  symmetrical  leaf  next  the  main 
axis.  It  has  a  longer  and  larger  symmetrical  leaf  pointing  away 
from  the  main  axis.  At  right  angles  to  these  and  below  them  on 
each  branch  is  an  unsymmetrical  leaf  with  the  fuller  lobe  toward 
the  main  axis.  These  rules  seem  to  apply  to  all  cases,  but  in  the 
younger  or  succeeding  branches,  the  subject  sometimes  becomes 
still  more  complicated,  on  account  of  the  non-development  or  un- 
equal devcdopment  of  some  of  the  branchcap 
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The  leaves  of  Datura  are  very  similar  to  those  of  Martynia  as 
to  equality  of  lobes. 

In  Physalis  or  ground  cherrj',  the  leaves  are  geminate ;  a  larger 
leaf  usually  standing  by  the  side  of  a  smaller  one.  A  few  of  the 
leaves  on  the  main  axis  and  others  have  equal  lobes,  but  most  of 
them  have  unequal  lobes. 

The  plant  sends  out  branches  quite  irregularly.  I  have  made 
numerous  diagrams,  but  have  not  been  able  to  make  out  the  rule 
or  law  for  this  inequality  of  leaves  in  Physalis^  yet  I  believe  there 
is  some  rule  about  it  that  will  yet  be  discovered. 

Solanum  nigrum  and  Capsicum  annum  have  leaves  somewhat 
like  those  of  Physalis.  Why  these  leaves  have  unequal  lobes  I 
cannot  see  ;  and  I  have  no  theory  to  offer  as  a  probable  explana- 
tion. 


The  Venation  op  a  Few  Odd  Leaves.    By  W.  J.  Beal,  of 

Lansing,  Michigan. 

Plants  bearing  pedate  leaves,  like  those  of  the  dragon  root,  are 
rare  in  our  country.  The  petiole  separates  at  the  top  into  three 
branches,  the  middle  one  containing  a  single  pinnate  leaflet.  The 
two  side  branches  each  divide  again  and  again  five  or  six  times, 
each  bearing  a  leaflet  on  the  upper  side-  I  have  found  several  sim- 
ple leaves  which  are  pedately  veined.  One  of  them  is  the  leaf  of 
the  Martynia  and  is  here  represented.  If  we  cut  it  down  between 
the  chief  ribs,  we  shall  have  a  pedate  leaf  like  that  of  the  dragon 
root ;  or  if  we  fill  up  the  space  between  the  leaflets  of  dragon  root 
we  shall  have  a  pedately  veined  leaf  as  in  Martynia.  It  is  only  a 
short  step  from  leaves  of  Martynia  to  those  of  the  maple  and 
grape  vine.     We  can  find  any  number  of  intermediate  forms. 

The  leaf  of  the  ginkgo  tree  (Salisburia  adiantifolia)  has  often 
been  noticed  as  quite  peculiar.  I  have  never  seen  the  morphology 
of  its  leaves  satisfactorily  explained.  Probably  I  may  not  explain 
them  correctly.  At  the  apex  of  the  petiole  it  seems  to  divide  and 
gracefully  spread  each  way  extending  along  the  margin  of  the 
leaf.  From  these  side  ribs  pass  off  numerous  veins  to  the  upper 
margin  of  the  leaf.  The  middle  at  the  top  is  often  lobed  or  cut 
one-third  or  more  of  the  way  down.    The  leaf  looks  much  like 
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some  of  the  pinnies  of  the  maiden  hair  fern,  hence  one  of  the 
names  applied  to  the  plant,  *^  maiden  hair  tree.**  How  does  this 
ginkgo  leaf  correspond  to  any  other  leaf?  At  the  base  of  the 
leaf  the  veins  all  seem  tnmed  out  or  over  each  way.  If  we  split 
the  leaf  down  from  the  top,  as  already  started,  and  tarn  the  two 
halves  over,  we  bring  the  two  half  midribs  together ;  we  straighten 
the  twisted  bandies  of  veins  and  get  a  leaf  with  veins  like 
those  of  the  canna  or  banana. 

I  here  make  ase  of  an  erroneous  illnstration  foand  in  several 
botanical  works.  It  seems,  the  artist  thoaght  it  ought  to  be  this 
way  and  so  made  it.  It  shows  the  morphology  of  the  leaf  of 
ginkgo  as  I  understand  it.  The  very  young  leaf  at  the  end  re- 
sembles a  cup  split  down  and  the  two  edges  turned  in.  The  pin- 
ales  of  the  maiden  hair  fern  are  not  similarly  twisted,  but  show 
their  morphology  to  be  pedately  veined,  like  the  leaf  of  Martynia, 
except  there  are  no  cross  veinlets  in  the  fern.  The  leaf  of  the 
maiden  hair  grows  right  side  up.  That  of  the  ginkgo  wrong  side 
up,  with  its  midrib  split  in  two,  and  each  half  along  the  outer  edge 
of  the  leaf. 


Some  Observations  on  the  STRUcruRE  and  Habcts  of  Utric- 
ULARiA  VULGARIS  (camivorous?  plant).  By  Theo.  B.  Com- 
stock,  of  Ithaca,  N.  Y. 

ABSTRACT. 

During  the  recent  session  of  the  Eirtland  School  of  Natural 
History  in  Cleveland,  specimens  of  Utricularia  vulgaris^  one  of 
the  common  bladderworts  of  Northern  Ohio,  were  studied  by 
myself  in  the  laboratory,  under  the  microscope,  for  the  purpose 
of  giving  the  pupils  some  ocular  demonstration  of  the  supposed 
camivorous  habits  of  the  bladders,  which  in  this  species  are  less 
than  one-quarter  of  an  inch  in  length.  The  shape  of  the  bladder 
is  peculiar,  and  in  the  smaller  CT.  neglectaj  described  by  Dr.  Darwin 
in  his  new  work  on  '^  Insectivorous  Plants,"  this  has  been  ascribed 
to  mimicry,  as  it  is  thought  to  resemble  some  forms  of  minute 
Entomostraca  upon  which  it  apparently  feeds.  In  the  present  in- 
stance, this  does  not  hold  good,  as  the  size  of  the  bladder  is  much 
larger  than  its  prey.    The  mouth  of  the  sac,  in  section,  resembles 
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one  form  of  drain  tiles,  flat  on  the  bottom  and  arched  above,  and 
the  flat  portion  is  always  below  when  the  plant  floats  naturally. 
Within  the  mouth,  a  hinged  valve  rises  upward  and  backward 
from  a  fold  (the  "peristome"  of  Dr.  Cohn),  fitting  closely  so  as 
to  prevent  the  exit  of  anything  which  once  passes  inside  the 
bladder.  The  valve  is  covered,  or  studded,  with  small  glandular 
bodies  raised  upon  pedicels,  and  beautifully  aiTanged  in  parallel 
curves  following  the  course  of  the  rim  of  the  valve.  From  the 
external  wall  of  the  bladder,  several  finger-shaped  bodies,  or 
tentacles,  protrude  in  front  of  the  vestibule.  These  are  celled, 
and,  so  far  as  I  could  detect,  not  at  all  sensitive,  although  fre- 
quently brushed  by  small  animals  swimming  near  them.  On  these 
antennie,  as  they  have  been  called,  minute  fragments  of  Chara^ 
and  similar  material  frequently  collect  in  considerable  abundance. 
I  saw  no  animals  enter  the  bladders,  but  specimens  of  Cypris  and 
Paramoecium  were  found  swimming  within  some  of  them.  The 
Cypris  in  particular  seemed  aflected  injuriously,  generally  moving 
irregularly,  with  uncertain  movements,  as  if  benumbed  or 
weakened.  The  mouth  parts  are  certainly  well  adapted  for  entic* 
ing  and  entrapping  the  smaller  forms  of  aquatic  life,  which  abound 
in  the  localities  where  this  plant  is  commonly  found.  The  value  of 
this  paper  is  slight,  except  as  confirmatory,  in  a  measure,  of  the 
discoveries  of  others,  and  as  an  illustration  of  the  great  ease  of 
conducting  similar  observatioAS  now  much  needed. 


PERiODicriY  IN  Vegetation.    By  James  Hyatt,  of  Stan  ford  ville, 
Duchess  Co.,  N.  Y. 

The  development  and  the  life  of  the  plant  have  various  rela- 
tions to  time :  relations  determined  or  modified  more  or  less  with 
each  species,  by  surrounding  circumstances  and  infiuences. 

Several  classes  of  periodic  relations  may  be  specified.  One 
class  might  embrace  all  those  which  are  subject  to  modifying 
agencies,  and  another  might  ijiclude  those  which  are  independent 
and  absolute.    In  these,  dififerent  species  of  plants  will  stand  in 
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yarious  lights.  The  same  species  of  Gossypium  may  be  an  annual 
in  a  higher  latitude,  but  a  perennial  in  tropical  localities.  RUdnus 
communis,  the  castor-oil  plant,  affords  a  similar  example. 

With  these,  the  seasons,  the  temperature,  etc.,  determine  the 
life  period.  By  experiments  in  selecting  different  localities, 
climates,  etc.,  in  the  cultivation  of  a  plant,  we  learn  bow  far 
periodicity  of  this  kind  is  absolute.  We  might  infer  from  the  re- 
stricted boundaries  of  the  province,  in  which  some  plants  naturally 
dwell,  that  it  would  be  impossible  by  a  change  of  habitat,  or  by 
any  variation  of  circumstances,  to  make  them  perennial. 

The  Cakile  Americana^  or  American  sea-rocket,  might  pr^ve  to 
be  an  absolute  or  true  annual. 

Some  plants  have  such  an  inflexible  nature,  that  when  the 
necessary  relations  are  not  supplied,  they  die;  they  do  not 
accommodate  themselves  to  any  considerable  variation.  Others 
like  Stellaria  media,  the  common  garden  chickwQed,  flourish  on 
the  Eastern  or  the  Western  Continent,  in  northern  or  in  southern 
latitudes,  and  blossom  and  ripen  fruit,  throughout  almost  every 
season  of 'the. year. 

It  would  be  interesting  to  study  how  far  some  of  the  minor 
features  of  plant  life  might  be  made  to  change  their  periodic  rela- 
tions. Could  we  contrive  to  retain  in  position  the  caducous 
sepals  of  Sanguinaria  Canadensis,  while  carr3ing  forward  the 
plant,  to  the  perfection  of  seed  capable  of  germinating?  or  could 
we,  by  prolonging  the  darkness,  induce  the  Oenothera  biennis  to 
retain  its  flowers  for  more  than  the  usual  period  ?  since  it  appears 
to  be  obscuration  of  the  liglit,  rather  than  the  regularly  recurring 
night  and  day,  that  determines  the  opening  and. the  closing  of 
this  miscalled  ^^  evening  primrose." 

Another  interesting  line  of  inquiry  arises  as  to  the  possible 
length  of  the  whole  life  period,  with  certain  perennials.  We  are 
searcel}'  able  to  determine  how  long  a  Castanea  vesca,  or  an  Olea 
Europcea,  may  live,  since  it  is  claimed  that  on  the  eastern  Conti- 
nent, individual  chestnut  and  oHve  tree*  have  -been  living  for  very 
many  centuries ;  and  outiCalifdrnia  Sequoyas,  or  gigantic  redwoods 
.  are  of  the  same  category.  It  seems  probable,  from  all  our  experi- 
.  ence,  with  shorter  lived  species,  that  under  the  most  favorable 
circumstances  possible,  there  is  a  limit,  perhaps  a  definite  one,  to 
the  life  of  every  plant.  There  is  ample  room,  however,  for 
investigation  here. 
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At  the  Hartford  meeting  last  year,  I  presented  some  account  of 
certain  facts  which  have  forced  themselves  upon  my  notice,  and 
which  seem  to  indicate  that  there  may  be  a  periodicity  of  seeds. 
I  refer  particularly  to  the  very  singular  beh&vior  of  a  patch  of 
SUene  antirrhina^  a  slender  "  catch-fly." 

This  patch  is  somewhat  isolated,  has  an  area  of  two  or  three 
square  yards,  is  bounded  on  one  side,  by  an  artificial  water  course, 
with  precipitous  rocks  rising  beyond ;  while  on  the  other  side  is  a 
line  of  stones,  somewhat  lower  ground,  and  a  permanent  brook. 
The  patch  which  is  on  my  own  grounds,  is  left  undisturbed,  in 
every  respect,  by  both  man  and  brute. 

This  catqh-fly  ap^eArdd  here  in  considerable  numbers,  flourished, 
flowered,-  seeded,  and  died  down,  in  1864,  in  1869,  and  in  1874; 
while  not  a  single  plant  J^s  shown  itself,  neither  in,  1875,  nor  in 
any  other  year  than  those  specified  since  1864. .  I  have  not  heard 
of  any  plants  of  this  species  within  a  mile  of  this  patch.  * 

So  far,  it  seems  that  these  annual  plants  spg^ing  up  every  fiye 
years ;  but  that  their  seeds  lie  dormant,  through  the  inten£ediate 
period.  I  shall  be  very  glad  to  hear  hoW  JSUehe*  antirrhina 
behaves  in  other  localities. 

Several  other  plants  have  furnished  indications  of  a  similar 
character.  I  have  noticed  that  Lobelia  infiata.  in  the  samQ 
neighborhood,  is  very  abundant  in  certain  yeai^s  ;  whil^  for  an  in- 
termediate period  of  several  years,  there  is  comparatively  little  of 
it.  As  this  plant  grows  in  pasture  fields,  where  there  is  a  rotation 
of  crops,  I  have  been  disposed  to  think  that  this  Lobelia  might 
come  in,  after  the  seeding  down  to  grass  which  follows  the  series 
of  grain  crops ;  but  from  recent  observations,  as  the  plant  is  very 
abundant  this  year,  in  all  the  fields  around,  vastly  more  abundant 
than  for  several  years  before ;  and  this  in  different  fields,  each  of 
which  varies  from  the  adjoining  ones  as  to  the  number  of  years 
since  the  ^^  seeding  down ;"  I  am  disposed  to  think  that  the  Lobelia 
is  independent  of  the  rotation,  to  £(  certain  degree.  I  hav^  jiow 
commenced  to  note  d^tes  for  this,  plant,  and  may  be  able  to  report 
some  result,  hereafter. 

It  would  be  very  interesting  to  experiment  with  difl^Brent  species 
as  to  this  point.  To  make  the  experiments  fair,  each  species 
should  be  placed  in  an  isolated  patch,  should  be  left  to  itself,  and 
all  the  seed  sown  should  be  derived  from  the  same  individual,  so 
as  to  Introduce  no  discordant  elements  as  to  periodicity. 
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Having  kept  a  botanical  joarnal  for  many  years,  in  which  I 
have  attempted  to  note  down  the  beginning  of  the  flowering  season 
for  each  species,  for  each  year,  with  the  more  common  plants  with 
which  I  meet,  in  the  regions  which  I  frequent,  I  have  been 
interested  to  compare  these  notes,  in  relation  to  the  forwardness 
of  the  spring  season,  for  the  last  ten  or  twelve  years. 

As  the  early  portion  of  the  spring  of  1875  was  evidently  very 
much  retarded,  I  was  the  more  disposed  to  make  this  comparison. 

Throughout  these  years,  I  have  been  accustomed  to  make  a 
weekly  trip,  from  my  residence  in  Central  Duchess  County,  N.  Y., 
by  way  of  Pokeepsie  or  Fishkill,  which  are  adjoining  Hudson 
River  towns,  and  thence,  along  the  east  bank  of  the  Hudson,  to 
New  York  City ;  often  stopping  by  the  way  at  several  points,  and 
not  infrequently  visiting  other  points  on  the  west  shore.  Thus, 
weekly,  throughout  nearly  the  whole  of  the  year,  I  have  made  a 
rapid  reconnoissance  of  this  region,  and  jotted  down  botanical 
notes  in  a  pocket  diary,  to  be  transferred  and  enlarged  in  a  per- 
manent journal. 

The  distance  traversed  is  nearly  one  hundred  miles.  Before 
returning  from  the  city,  where  I  spend  several  days  each  week,  I 
visit,  either  alone  or  with  other  members  of  the  *'  Torrey  Botanical 
Club,''  various  points  in  dlfiCsrent  directions  around  the  city ;  thus 
viewing  something  of  the  progress  of  vegetation,  around  New 
York. 

The  lateness  of  the  early  spring  of  1875,  was  partly  due  to 
the  fact  that  in  the  beginning  of  the  previous  winter,  severe  cold 
weather  pi^ceded  the  snows,  and  the  ground  became  very  deeply 
frozen.  In  Duchess*  County,  water  in  pipes  buried  four  feet  be- 
neath the  surface  was  frozen  solid;  while  in  New  York  City,  I 
have  never  known  so  much  freezing  of  the  pipes  for  the  Croton 
water  supplied  ta  houses,-  as  in  1875. 

From  whatever  causes,  the  early  spring  of  1875,  in  these  locali- 
ties, was  very  cold,  and  the  progress  of  vegetation  was  very  much 
retarded.  By  compai*ing  the  flowering  of  the  twenty-one  following 
plants,  for  a  period  of  ten  years,  with  that  for  1875,  this  retarda- 
tion is  distinctly  shown.  These  plants,  as  nearly  as  I  can 
estimate,  from  my  notes,  succeed  each  other  in  the  order  given, 
in  the  regular  opening  of  their  flowering  season.  The  average 
date,  for  the  number  of  years  specified  of  this  opening  is  also 
given. 
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Dachess  Conntj  extends  from  the  Hudson  Biver  to  the  Connect- 
icut line,  touches  Massachusetts  at  the  Northeast,  and  is  midwaj 
between  the  cities  of  New  York  and  Albany.  Ulster  County  lies 
directly  west  of  Duchess  County;  while  Putnam,  Westchester, 
and  New  York  Counties  succeed  Duchess  going  southward. 

Rejecting  three  of  the  foregoing  plants,  and  taking  the  averages 
of  the  remaining  eighteen  for  the  number  of  years  mentioned,  they 
commenced  to  flower  in  1875,  21{  days  later  than  the  average  for 
the  whole  of  them  since  1864. 

Also,  the  average  of  their  opening  flower-season  in  1875  was 
thirty-four  days  later  than  in  the  earliest  spring  for  the  preceding 
ten  years. 

This  opening  was  more  than  eight  days  later  than  in  the  latest 
spring  for  the  same  period. 

With  single  species  of  these  plants,  the  greatest  differences 
were  more  than  six  weeks,  for  this  period  of  ten  years. 

I  have  no  available  notes  for  1866,  so  that  year  is  omitted  from 
all  notice  in  this  article. 

If  the  early  spring  seasons  for  each  of  these  years  are  com- 
pared as  to  the  regular  opening  of  these  flower-seasons,  the 
following  results  are  shown  by  the  notes  of  my  journal. 

In  the  spring  of  1865  was  the  earliest  beginning  of  the  flower- 
seasons,  and  that  of  1871  came  next. 

I  estimate  that  1870  was  a  mean  year  in  this  respect,  that  1874 
was  somewhat  late,  that  1867  and  1868  were  about  equally  in  a 
degree  later,  that  1864  and  1872  were  later  still,  that  1878  was 
yet  later,  that  1869  was  the  latest  of  all  these,  and  all  were  ex- 
ceeded by  1875. 

In  tabular  form  these  years  will  stand  thus : 


EABLT  TEABS. 

Ist,  1865. 
2nd,  1871. 


LATE  TEARS. 


Ist,  1875,  latest, 

2nd,  1869,  next. 

3rd,  1873,  next. 

4th,  1864,  1872,  next. 
5th,  1867,  1868,  next. 
6th,  1874,        ,    next. 


I  also  estimate,  that  as  we  go  farther  back  in  date,  a  larger  pro- 
portion of  early  spring  seasons  will  appear,  within  certain  limits. 
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-  In  the  eady  spring  of  1875,  different  species  of  plants  were  not 
affected  alike.  Those  which  root  more  deeply  were  more  retarded. 
Hepatica  triloba^  in  1875,  was  sixteen  days  later  than  the  average 
for  the  ten  years ;  but  Acer  mhrum  was  retarded  twenty-six  days, 
and  the  other  species  of  the  maples  were  very  late. 

Later  in  the  spring  the  retardation  was  much  less.  Symplch 
carpus^  in  1875,  was  retarded  twenty-six  da3*s  after  its  average 
flower-opening  on  the  29th  of  March;  but  CaUJia^  growing  in 
similar  situations,  in  the  same  locality,  was  retarded  but  eighteen 
days ;  its  average  flower-opening  being  estimated  at  April  19th. 
Magnolia  conspicua  was  also  retarded  in  1875  for  eighteen  days 
beyond  its  average. 

Some  plants,  like  Taraasacum  dens-leonisj  have  two  general 
flower-seasons,  one  in  the  spring,  and  another  quite  marked  in  the 
autumn,  when  similar  conditions  as  to  temperature,  etc.,  prevail. 
Between  these,  there  are  a  few  scattering  flowers  through  the 
summer. 

I  have  taken  no  account  of  the  flowering  of  exceptional  individ- 
uals, in  these  estimates.  We  sometimes  have  ^'  dandelions  "  and 
violets  in  flower  in  January,  and  I  have  a  record  of  a  symplo- 
carpus  in  Pokeepsie  in; flower,  March  4th. 

A  thin  scattering  of  dead  brush,  some  distance  above  low 
plants,  with  other  favorable  conditions,  will  aid  to  bring  flowers 
forward  very  early.  These  branches  perhaps  absorb  and  re-radiate 
rays,  both  from  the  sun  and  the  earth,  and  so  prevent  vicissitudes. 

In  my  Botanical  Journal  I  adopted,  several  years  ago,  a  scheme 
for  noting  the  flowering  stage  and  the  growth  of  the  fruit.  For 
the  former,  I  use  a  decimal  expression  thus : 

1.  Flower  buds  Just  distinctly  visible  without  magnifying. 
1.5  Flower  buds  half  grown. 

2.  Flower  buds  full  size. 
2.5  Flower  buds  half  open. 

3.  Some  flpwers  open  and  some  mature  pollen.    This  is 
the  beginning  of  the  flower-season. 

4.  Flowers  quite  generally  open. 

5.  Mid-flowering  season. 

6.  A  slight  decline. 

7.  A  more  marked  decline. 

10.  The  last  flowers  of  the  season.  ^ 

11.  No  more  flowers. 


264  B.     NATURAL  BISTORT. 

For  the  fhiiting-stage  I  use  an  expression  in  ti^  form  of  ft 
vulgar  fraction^  to  prevent  mistakes,  thas : 

iV  Fruit  one-tenth  its  full  size,  in  diameter. 

^  Fruit  half  grown. 

19  Fruit  full  grown. 

-f^  Fruit  generally  ripe  but  not  fallen. 

U  Fruit  generally  fallen  fh>m  the  plant. 

In  conclusion,  I  wish  to  point  out  to  all  who  have  the  slightest 
interest  in  Botany,  the  advantage  of  a  pocket  diary,  always  at 
hand,  for  chance  notes,  and  the  transfeiTence  of  these,  with  ampli- 
fications, into  a  permanent  Journal,  in  which  are  entered  dates, 
localities,  flowering  and  fruiting  stage,  personals,  and  other  essen- 
tials ;  noting  particularly,  for  each  year  when  possible,  the  com- 
mencement and  the  close  of  the  flowering  season  for  each  plant. 

In  this  way  a  most  interesting,  valuable,  and  reliable  amount  of 
botanical  knowledge  is  accumulated.  Its  importance  is  progres- 
sively enhanced,  and  it  is  always  available  for  the  determination 
of  questions  which  arise.  I  regret  that  I  did  not  begin  this  at 
the  very  commencement  of  my  botanical  studies. 


Akcient  Rock  Inscriptioks  in  Ohio.    By  Chas.  WHrrrLESET, 
of  Cleveland,  Ohio. 

ABSTRACT. 

At  the  Indianapolis  meeting  in  1871, 1  exhibited  a  sketch  of  the 
sculptured  rocks  near  Bamesville,  Ohio,  made  in  1859  by  Jas.  W. 
Ward,  Esq.,  of  Cincinnati.  More  complete  copies  have  since 
been  taken  for  the  Western  Reserve  and  Northern  Ohio  Historical 
Society  by  Dr.  J.  W.  Walton  of  Baraesville,  which  I  now  exhibit. 

The  effigies  are  first  filled  with  paint,  when  a  sheet  of  muslin  is 
spread  over  the  rock  and  pressed  into  the  depressions.  This  mode 
gives  the  exact  size  and  outline  of  the  figures,  but  does  not  repre-« 
sent  their  actual  or  comparative  depth ;  some  are  very  shallow, 
scarcely  discoverable  to  an  unpractised  observer ;  others  are  well 
defined  and  from  an  inch  to  an  inch  and  an  half  deep.    On  the 
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Berea  sandstone  and  on  the  grits  of  the  coal  series,  the  marks  of 
the  tool  used  in  cutting  away  the  rock  still  remain. 

On  limestone  no  tool  marks  remain  because  this  rock  is  dis- 
solved by  long  exposure.  In  every  instance  where  artificial 
marks  of  the  tool  remain  they  are  those  of  a  pointed  instrument 
like  a  dull  pick,  but  no  tool  has  yet  been  found  that  can  be  said 
to  have  been  made  for  this  purpose.  Probably  a  fragment  of  flint, 
quartz,  or  other  hard  stone  was  used,  large  enough  to  be  grasped 
in  the  hand,  having  sharp  corners.  A  pick  of  horn  or  bone  with  a 
hard  stone  or  flint  point  inserted  in  it,  like  those  of  the  ancient 
Swiss  Lake  dwellers,  would  do  the  work  very  well,  but  nothing  of 
the  sort  has  been  found  here.  A  pointed  tool  of  native  copper 
with  a  socket  to  receive  a  haft  or  handle  was  discovered  on  the 
Flint  Steel  River  of  Lake  Superior  in  1865,  by  Gen.  Walbridge 
of  Detroit,  which  I  described  in  Tract  No.  11  of  the  Western 
Reserve  and.  Northern  Ohio  Historical  Society  for  August,  1872. 
This  was  probably  used  for  mining  purposes  in  the  ancient  copper 
mines  of  that  region,  and  would  answer  the  purposes  of  sculpture 
on  our  rocks. 

Sheets  Nos.  1  and  2  are  tracings  of  the  Barnesyille  track  rocks 
on  the  horizontal  surface  of  the  rock. 

No.  3  is  a  tracing  of  a  portion  of  the  characters  on  a  vertical 
face  of  the  Logan  sandstone  of  the  Ohio  Reports,  near  Newark, 
Ohio.  This  is  the  work  of  Dr.  J.  H.  Salisbury  and  Mrs.  Salisbury 
in  the  year  1860,  on  the  plan  above  referred  to,  by  which  the  sub- 
sequent tracings  of  the  Historical  Society  have  all  been  taken. 
This  sheet  was  exhibited  at'  the  Indianapolis  Meeting  in  1871. 

Nos.  4  and  5  were  taken  in  1873,  by  myself,  from  a  flat  rocky 
surface  in  Amherst,  Lorain  Co.,  Ohio.  It  is  a  portion  of  the 
grindstone  or  Berea  grit  beneath  the  coal  series. 

No.  6  represents  several  groups  of  rude  carvings,  on  some 
isolated  granite  rocks  in  the  Susquehanna  River  near  Columbia 
River,  Penn.,  known  as  the  Big  and  Little  Indian  rocks.  These 
tracings  were  made  in  June,  1872,  by  Mr.  L.  C.  Cordes  of  Harris- 
burg,  Penn. 

This  copy  was  taken  by  Mr.  Cordes  with  great  care  and  labor, 
and  with  it  he  has  furnished  a  full  description  in  writing.  Mere 
pencil  sketches  of  these  effigies  we  have  found  to  be  of  no 
archaeological  value,  as  any  one  will  perceive  who  compares  this 
tracing,  with  the  published  pictures  of  this  rock. 
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For  the  purpose  of  pablication  oar  Sooiety  redaces  the  maslin 
sheets  by  photography  to  the  size  used  by  the  engraver. 

My  object  is  not  at  present  to  discuss  the  meaning  or  the  value 
of  these  inscriptions,  but  merely  to  preserve  such  of  them  as  have 
not  been  destroyed. 

By  this  mode  of  making  copies  we  present  a  representation 
of  the  originals  that  can  be  relied  upon  as  perfectly  accurate.  If 
all  archaeologists  and  societies  in  the  United  States  will  do  as 
much  for  their  respective  localities,  the  rock  inscriptions  of  North 
America  can  be  discussed  in  an  intelligent  manner. 

A  large  part  of  them  are  no  doubt  the  work  of  the  existing  red 
race,  and  probably  have  only  a  local,  personal  and  temporary 
meaning. 

Although  as  yet  nothing  like  ancient  alphabetical  characters 
has  been  found  in  the  United  States,  these  pictorial  records  have 
an  interest  and  one  that  will  not  diminish  by  the  lapse  of  time,  or 
the  disappearance  of  the  race  which  made  them. 

On  the  ^^Big  Indian  rock,"  which  is  ninety-two  feet  long,  forty- 
two  feet  wide,  and  twenty-two  feet  in  height  above  the  water,  is 
a  well  represented  South  American  Llama  which  may  indicate  for 
this  part  of  the  sculpture  either  great  antiquity,  and  the  existence 
of  that  animal  here,  or  a  recent  carving  by  some  person  who  had 
seen  it,  or  representations  of  it. 


Ethnical  Febiods.    By  Lewis  H.  Mobgan,  of  Rochester,  N.  Y. 

The  Ethnical  Periods,  which,  with  their  definitions,  I  wish  to 
submit  to  your  consideration,  rest  on  the  assumption  that  mankind 
commenced  their  career  at  the  bottom  of  the  scale,  and  worked 
their  way  up  from  savagery  to  civilization  through  the  slow 
accumulations  of  experimental  knowledge. 

The  discussion  of  the  several  classes  of  facts  relating  to  this 
proposition  will  be  facilitated  by  the  establishment  of  a  certain 
number  of  ethnical  periods ;  each  representing  a  distinct  condition 
of  society  and  distinguishable  by  a  cultus  peculiar  to  itself.  Such 
a  division  of  the  great  periods  of  savagery  and  of  barbarism  is 
desirable,  if  proper  grounds  for  their  definition  are  ascertainable. 
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The  ages  of  Stone^  Bronze  and  Iron^  introduced  by  Danish  ardi- 
ffiologists,  have  been  extremely  nsefal  for  their  purpose,  and  will 
remain  so  for  the  classification  of  objects  of  ancient  art;  but 
the  progress  of  knowledge  has  rendered  more  definite  subdivisions 
necessary,  as  well  as  an  increase  of  their  number.  The  use  of 
stone  implements  commenced  far  back  in  savagery;  and,  after 
traversing  the  remainder  of  that  period  and  the  larger  portion  of 
that  of  barbarism,  were  not  entirely  laid  aside  with  the  introduo- 
tion  of  tools  of  iron.  Whilst  the  invention  of  the  process  of 
smelting  iron  ore  created  an  ethnical  epoch,  this  could  scarcely 
have  resulted  from  the  production  of  bronze ;  and  since  the  period 
of  stone  implements  overlaps  those  of  bronze  and  iron,  and  since 
that  of  bronze  overlaps  that  of  iron,  they  are  not  capable  of  a 
oircumscription  that  would  leave  each  independent  and  distinct. 

It  is  probable  that  the  successive  arts  of  subsistence,  which 
came  in  at  long  intervals  apart,  will  ultimately  afford  the  most 
satisfactory  bases  for  these  divisions,  from  the  great  influence 
they  must  have  exercised  upon  the  condition  of  mankind.  But 
investigation  has  not  been  carried  far  enough  in  this  direction  to 
yield  the  necessary  information.  With  our  present  knowledge  the 
main  result  can  be  attained  by  selecting  such  an  invention  or  dis- 
covery as  affords  a  sufficient  test  of  progress  to  characterize  the 
commencement  of  a  particular  period,  each  new  period  terminating 
that  of  its  predecessor.  Even  though  accepted  as  provisional 
these  ethnical  periods  will  be  found  both  convenient  and  useful. 
Each  of  Uiose  about  to  be  proposed  will  be  found  to  cover  a  dis- 
tinct cultus,  and  to  represent  a  particular  mode  of  life. 

Leaving  the  period  of  savagery,  with  its  limited  and  peculiar 
arts  to  stand  undivided,  although  longer  in  duration  than  the 
subsequent  periods  of  barbarism  and  civilization  together,  the 
period  of  barbarism  divides  naturally  into  three  sub-periods,  which 
will  be  called,  respectively,  the  Opening,  the  Middle,  and  the 
Closing  period  of  barbarism;  and  the  condition  of  society  in 
each,  respectively,  will  be  distinguished  as  the  Lower,  the  Middle, 
and  the  Upper  status  of  barbarism. 

1.    Status  of  sayagert. 

In  order  to  define  these  periods  it  is  necessary  to  find  tests  of 
progress  sufficiently  definite  and  influential  to  work  a  transition 
from  one  state  or  condition  into  that  next  succeeding.  The  period 
of  savagery  commences  with  the  infancy  of  the  human  race.    AH 


268  B.     HATCBAL  HISTOBT. 

thiogs  considered,  the  invention  or  practice  of  the  art  of  pottery 
is  probably  the  most  effective  test  which  can  be  selected  to  fix  the 
boundary  line  between  savagery  and  barbarism.  The  line  of 
separation  between  the  two  conditions  is  necessarily  arbitrary.  It 
is  a  question  of  the  degree  of  progress,  the  material  object  being 
to  define  conditions  essentially  different.  Pottery  implies  an 
amount  of  development  sufficient  to  indicate  the  close  of  savagery 
in  the  principal  tribes  of  mankind,  and  the  commencement  of  an  im- 
proved condition.  Since  the  manufacture  of  pottery  is  less  ex- 
pressive than  the  use  of  domestic  animals,  the  use  of  iron,  or  the 
use  of  a  phonetic  alphabet,  employed  to  mark  the  commencement 
of  other  ethnical  periods,  the  reasons  for  its  ^option  should  be 
stated.  The  use  of  pottery  presupposes  village  life,  and  consider- 
able progress  in  the  simple  arts.  Flint  and  stone  implements  are 
older  than  pottery,  remains  of  the  former  having  been  found  in 
ancient  repositories,  in  numerous  instances,  unaccompanied  by  the 
latter.  A  succession  of  inventions  of  greater  need  and  adapted  to 
a  lower  condition  must  have  occurred  before  the  want  of  pottery 
would  be  felt.  The  commencement  of  village  life,  with  some  degree 
of  control  over  subsistence,  wooden  vessels  and  utensils,  finger  weav- 
ing with  filaments  of  bark,  basket  making,  and  the  bow  and  arrow, 
are  found  to  make  their  appearance  before  the  art  of  pottery. 
The  Village  Indians,  who  were  in  the  Middle  status  of  barbarism, 
such  as  the  Zunians,  the  Aztecs  and  the  Cholulans,  manufactured 
ppttery  in  great  quantities  and  in  many  forms  of  considerable  ex- 
cellence; the  partially  Village  Indians,  who  were  in  the  Lower 
status  of  barbarism,  such  as  the  Iroquois,  the  Choctas  and  the 
Cherokees,  made  it  in  smaller  quantities  and  in  a  limited  number 
of  forms;  but  the  Non-hortieultural  Indians,  who  were  in  the 
Status  of  savagery,  such  as  the  Athapascans  and  the  tribes  of  the 
Northwest  Coast,  were  in  general  ignorant  of  its  use.^    In  Lubbock's 

^  Mr.  Edward  B.  Tylor'observes  that  Goqaet  "  first  propoanded,  in  the  last  century, 
the  notion  that  the  way  in  which  pottery  came  to  be  made,  was  that  people  daubed 
8uch  combustible  Tossels  as  these  with  clay,  to  protect  them  ttom  fire,  till  they  found 
that  clay  alone  would  answer  the  purpose,  and  thus  the  art  of  pottery  came  into  tbe 
world.**  Goquet  quotes  fVom  Capt.  Gonneville,  who,  visiting  the  Indians  near  ttie  east 
coast  of  South  America,  in  150.3,  who  found  their  household  utensils  of  wood,  even  their 
baking  pots  plastered  over  with  clay,  a  good  finger  thick,  which  prevented  th^fireArom 
burning  them  ( Early  History  of  Mankind,  p.  273).  The  first  vessels  of  pottery  among  the 
Aborigines  of  the  IJnited  States,  seem  to  have  been  made  in  willow  or  osier  baskets 
used  as  moulds  and  afterwards  burned  off.  Squier  and  Davis  found  evidence  of  this  in 
the  potter}'  of  the  Mound-builders  and  Mr.  Bau  the  same.  Vide  Smithsonian  Report, 
1806,  p.  352. 
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"Prehistoric  Times,"  and  in  Tylor's  "Early  History  of  Mankind," 
the  particulars  respecting  this  art,  and  the  extent  of  its  distribution 
have  been  collected  with  remarkable  breadth  of  research.  It  was 
yn'kno^n  in  Polynesia,  with  the  exception  of  the  Tongans  and 
Fijians  who  were  partly  within  and  partly  without  its  circumscrip- 
tion. It  was  unknown  in  Australia,  in  the  Valley  of  the  Columbia 
and  in  the  Hudson's  Bay  Territory.  Mr.  Tylor  remarks  that  "  the 
art  of  weaving  was  unknown  in  most  of  the  Islands  away  from 
Asia,"  and  that  "  in  most  of  the  South  Sea  Islands  there  was  no 
knowledge  of  pottery .^  The  Rev.  Lorimer  Fison,  an  English 
missionary  resident  in  Australia,  informed  the  author  in.  answer 
to  inquiries  that  the  "  Australians  had  no  woven  fabrics,"  and  "  no 
pottery,"  and  "that  they  were  without  the  bow  and  arrow," 
which  last  fact  is  also  true,  in  general,  of  the  Polynesians.  The 
introduction  of  the  ceramic  art  produced  a  new  epoch  in  human 
progress  in  the  direction  of  an  improved  living  and  increased 
domestic  conveniences,  while  flint  and  stone  implements,  .which, 
came  in  earlier  and  required  long  periods  of  time  to  develop  all 
their  uses,  gave  tjie  canoe,  wooden  vessels  and  ntensils,  .and 
ultimately  timber  ^pd  plank  in  house  architecture*^  pottery  gave  a 
durable  vessel  for  boilihg  ibod,  which  before  that  time  had  been 
rudely  accomplished  in  baskets  coaited  with  c]ay,  and  in  ground 
cavities  lined  with  skin,  the  boiling  being  effected  with  heated 
stones^^ 

It  may  be  remarked  further  that  the  experience  of  mankind,, 
through  savagery  and  barbarism,  has  run  in  nearly  uniform 
channels ;  human  necessities  in  similar  conditions  having  been 
substantially  the  same,  and  the  operations  of  the  mental  principle 
having  been  uniform  in  virtue  of  the  specific  identity  of  the  brain  in 
all  the  races  of  mankind.  This,  however,  is  but  a  part  of  the 
explanation.  The  germs  of  the  principal  institutions  of  mankind, 
and  of  the  principal  arts-of  lif6,  were  developed  whilst  man  was  still 
a  savage.  To  a  very  great  extent  the  experience  of  the  subsequent 
periods  of  barbarism  and  of  civilization  has  been  expended  in  the 
further  development  of  these  original  conceptions. 

>  Early  History  of  Mankind  p.  181.  Lubbock's  Frehistorio  Times,  pp.  437, 441, 403, 
427,  638, 542. 

*  Lewis  and  Clarke  (1805)  foii||d_Klank  In  use  in  lionses  among  the  Tribes  on  the 
Columbia  Biver.— Travels,  Longman's  Ed.,  1814,  p,  503.  Mr.  John  Eeast  Lord  found 
*(  cedar  pjank  rhlppftrt  fr^n  tlie  solid  tree  with  chi^^els  and  hatchets  made  of  stone''  in 
Indian  houees  on  Vancouver's  Island.    Naturalist  in  British  Columbia,  1, 169. 

«  Tylor's  Early  History  of  Mankind,  p.  265,  et  seq. 
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While  it  is  difficult  to  find  a  single  test  of  progress  sufficient 
to  meet  every  case,  and  to  fix  a  clear  boundary  line  between 
savagery  and  barbarism,  because  of  the  modifying  influences  of 
physical  causes,  the  art  of  pottery  is  perhaps  the  most  satisfactory 
which  can  be  adopted.  The  distinctness  of  the  two  conditions,  has 
long  been  recognized,  but  no  test  of  progress  out  of  the  first  and 
into  the  second  has  been  brought  forward.  All  such  tribes,  there- 
fore, as  never  attained  to  the  art  of  pottery  will  be  classified  as 
'Savages.  Among  existing  tribes  it  leaves  in  a  state  of  savagery 
the  Australians,  the  body  of  the  Polynesians,  and  a  portion  of  the 
American  Aborigines.  It  will  be  sufficient  to  give  one  or  more 
exemplifications  of  each  status. 

n.    Lower  status  of  babbarisk. 

It  commences,  as  before  stated,  with  the  introduction  of  the 
manufacture  of  pottery,  whether  by  original  invention  or  adoption. 
In  order  to  &x  its  termination,  and  with  that  the  commencement 
of  the  Middle  status,  a  test  of  progress  still  more  advanced  must 
be  found.  Here,  again,  a  difficulty  is  encountered  in  the  unequal 
endowments  of  the  two  hemispheres ;  but  it  may  be  met  by  the 
adoption  of  equivalents.  In  the  Eastern  hemisphere  the  domesti- 
cation of  animals ;  and  in  the  Western  the  cultivation  of  maize 
and  plants  by  irrigation,  together  with  the  use  of  adobe-brick  and 
stone  in  house  architecture,  have  been  selected  as  sufficient  tests 
of  progress  out  of  the  Lower,  and  into  the  Middle  status  of  barba- 
rism. It  leaves  in  the  Lower  status  of  barbarism  for  example,  the 
American  Aborigines  of  the  United  States  east  of  the  Missouri 
River,  and  the  tribes  of  Asia  and  Europe  who  practised  the  art  of 
pottery  but  were  without  domestic  animals. 

III.    Middle  status  of  barbarism. 

It  commences,  as  stated,  with  the  domestication  of  animals  in 
the  Eastern  hemisphere :  and  in  the  Western  with  cultivation  by 
irrigation  and  with  the  use  of  adobe-brick  and  stone  in  house 
architecture.  To  mark  its  termination  and  the  commencement  of 
the  Upper  status,  the  invention  of  the  process  of  smelting  iron 
ore  has  been  selected.  The  production  of  iron  was  preeminently 
sufficient  to  create  an  ethnical  epoch.  It  places  in  the  Middle 
status,  for  example,  the  Village  Indians  of  New  and  Old  Mexico, 
Central  America  and  Peru. 
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IV.  Upper  status  of  barbarism. 

It  commences,  as  stated,  with  the  manufacture  and  use  of  iron. 
The  InTentiou  of  a  phonetic  alphabet,  with  the  use  of  writing  in 
literary  Composition,  has  been  chosen  to  fix  the  boundary  line  be- 
tween this  status  and  civilization.  As  an  equivalent,  hieroglyph- 
leal  writing  upon  stone  may  be  admitted.  It  leaves  in  the  Upper 
status  of  barbarism,  for  example,  the  Grecian  tribes  of  the  Homeric 
age,  the  Italian  tribes  shortly  before  the  founding  of  Rome,  and 
the  Germanic  tribes  of  the  time  of  Csesar. 

V.  Status  op  civilization. 

It  commences,  as  stated,  with  the  creation  of  literary  records 
through  the  use  of  a  phonetic  alphabet,  and  divides  into  ancient 
and  modem. 

Recapitulated,  these  several  ethnical  periods  are  defined  and 
circumscribed  as  follows. 

PERIODS.  CONDmONS. 

I.  Period  of  Savagery.  I.  Statas  of  Savagery. 

II.  Opening  Period  of  Barbarism.    II.  Lower  Status  of  Barbarism. 

III.  Middle  Period  of  Barbarism.     III.  Middle  Status  of  Barbarism. 

IV.  Closing  Period  of  Barbarism.    IV.  Upper  Status  of  Barbarism. 
y.  Period  of  Civilization.                 Y.  Status  of  CivUizatiou. 


I.    Status  of  Savagery. 


{ 


From  the  Infancy  of  the   human 
race  to  the  invention  of  pottery. 


From  the  use  of  Pottery  to  the 

Domestication    of   Animals    in    the 

Eastern    Hemisphere:    and    in   the 

n.    Lower  Status  of  Barbarism.  ^  ^egtern  to  the  cultivation  of  Maize 

and  Plants  by  irrigation,  with  the  use 
of  adobes  and  dressed  stone  in  houses. 


I 


r     From  the  Domestication  of  animals, 
III.    Middle  Status  of  Barbarism,  i  etc.,  to  the  Manufacture  and  use  of 

I  Iron. 

"  From  the  use  of  Iron  to  the  inven- 
tion of  a  Phonetic  Alphabet,  with  the 
use  of  writing  in  Literary  Composi- 
tion. 


IV.    Upper  Status  of  Barbarism.  •< 


y.    Status  of  Civilization. 


{■ 


From  the  use  of  Alphabetic  Writing 
in  the  Production  of  Literary  Records 
to  the  Present  Time.  It  divides  into 
Ancient  and  Modern 
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Each  of  these  periods  has  a  distinct  and  well-marked  cultus,  and 
exhibits  a  mode  of  life  more  or  less  special  and  peculiar  to  itself. 
The  time  is  at  hand,  in  the  progress  of  ethnology,  when  it  has  be- 
come possible  to  treat  human  society  according  to  its  conditions 
of  relative  advancement,  and  to  make  each  condition  a  subject 
of  independent  study  and  discussion.  It  seems  now  to  be 
imperative  that  this  or  some  other  division  into  definite  periods 
should  be  made,  that  the  tribes  and  nations  of  mankind,  whose 
institutions  are  pure  and  homogeneous,  may  be  classified  according 
to  the  degree  of  their  progress ;  and  that  the  state  of  develop- 
ment characteristic  of  each  period  may  be  separately  known. 
When  the  elements  of  each  condition  are  thoroughly  understood 
it  may  become  possible  to  articulate,  in  a  connected  series,  the 
institutions,  inventions  and  discoveries  belonging  to  each  respec- 
tively ;  and  to  deduce  therefrom  the  successive  steps  of  human 
progress  fVom  the  bottom  of  the  scale  up  to  the  highest  point  of 
present  attainment.  It  does  not  affect  the  main  results  that 
tribes  and  nations  on  the  same  continent  are  in  all  these  condi- 
tions at  the  same  point  of  time ;  since  for  our.  purpose  the  condi" 
tions  of  each  is  the  material  fact,  the  time  being  immaterial. 

There  is  another  advantage  of  no  inconsiderable  importance 
that  will  be  gained  by  means  of  definite  ethnical  periods ;  namely, 
the  direction  of  special  investigation  to  those  tribes  and  nations 
which  afford  the  best  exemplification  of  each  status,  with  a  view 
of  making  the  condition  of  each  both  standard  and  illustrative. 

It" 

J  The  experience  of  the  tribes  and  families  of  mankind  has  been  very 
unequal.  Some  have  been  left  undisturbed  in  geographical  isola- 
tion to  work  out  the  problems  of  progress  by  original  mental 
effort ;  and  have,  consequently,  retained  their  arts  and  institutions 
pure  and  homogeneous ;  whilst  those  of  other  tribes  and  nations 

*  have  been  adulterated  by  external  influence  and  intermixture. 
Thus,  while  Africa  is  an  ethnical  chaos  of  savagery  and  barbarism, 
Australia  and  Polynesia  are  in  savager}',  pure  and  simple,  with 
the  arts  and  institutions  belonging  to  this  condition.  In  like 
manner  the  Red  Race  of  America,  unlike  any  other  existing 
family,  exemplified  the  condition  of  mankind  in  three  successive 
ethnical  periods ;  namely,  the  Period  of  Savagery,  and  the  Opening 
and  the  Middle  period  of  Barbailsm.  In  the  undisturbed  posses- 
sion of  a  great  continent,  of  common  descent,  and  with  homogene- 
ous institutions,  they  illustrated,  when  discovered,  the  cultus  of 
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each,  and  especially  of  the  Lower  and  of  the  Middle  status  of  barba- 
rism, more  completely  and  elaborately  than  any  other  portion  of 
mankind.  The  spectacle  of  the  same  race,  with  the  same  original 
language  and  institutions  in  the  successive  stages  of  advancement 
represented  by  three  great  ethnical  periods,  is  without  a  parallel 
in  human  history.  The  far  Northern  Indians,  as  before  stated, 
were  in  the  Status  of  savagery,  but  near  its  end ;  the  partially 
Village  Indians  east  of  the  Missouri  were  in  the  Lower  status  of 
barbarism,  and  the  Village  Indians  of  North  and  South  America, 
including  the  Mound  Builders,  were  in  the  Middle  status  of  bar- 
barism. Such  an  opportunity  to  recover  full  and  minute  informal 
tion  of  the  course  of  human  experience  and  progress  in  these 
successive  conditions  of  society  has  not  been  offered  within  the 
historical  period,  and,  it  must  be  addled,  it  has  been  but  indiffer- 
ently improved.  Our  greatest  deficiencies  relate  to  the  last  two 
periods  named. 

Differences  in  the  culture  of  the  same  period  in  the  Eastern  and 
Western  hemispheres  undoubtedly  existed  in  consequence  of  the 
unequal  endowments  of  the  continents ;  but  in  the  main  the  condi- 
tion of  society  must  have  been  substantially  similar  in  both  in  the 
corresponding  status.  The  ancestors  of  the  Grecian,  Homan  and 
German  tribes  passed  througli  the  experience  of  savagery  before 
they  attained  to  the  Lower  status  of  barbarism,  through  the  ex- 
perience of  the  latter  before  they  attained  to  the  Middle  status, 
and  through  the  experience  of  the  last  before  they  reached  the 
Upper  status,  in  the  midst  of  which  the  light  of  history  fell  upon 
them.  Their  differentiation  from  the  undistinguished  mass  of 
barbarians  did  not  occur,  probably,  earlier  than  the  commencement 
of  the  Middle  period  of  barbarism.  The  experience  of  these 
tribes,  in  these  successive  stages  of  progress,  has  been  lost,  with 
the  exception  of  so  much  as  is  represented  by  the  institutions, 
inventions  and  discoveries  which  they  brought  with  them  as 
memorials  of  these  conditions,  and  which  they  held  in  their 
custody  when  they  first  came  under  historical  notice.  The  Grecian 
and  Latin  tribes,  immediately  before  their  civilization,  afford  the 
highest  exemplification  of  the*  Upper  status  of  barbarism.  Their 
institutions  were  also  pure  and  homogeneous,  and  their  experience 
stands  directly  connected  with  the  final  achievement  of  civilization. 

Commencing  with  the  Australians  and  Polynesians,  following 
with  the  American  Aborigines,  and  concluding  with  the  German, 

A.  A.  A.  8.  VOL.  XXIY.     B.  (18) 
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Roman  and  Grecian  tribes,  who  afford  the  highest  exemplification 
respectively  of  the  five  great  stages  of  human  progress,  the  sum  of 
their  united  experiences  may  be  supposed  fairly  to  represent  that  of 
the  human  family,  from  the  middle  part  of  the  period  of  savagery 
to  the  end  of  ancient  civilization.  Consequently  the  Aryan 
nations  will  find  the  type  of  the  condition  of  their  remote  an- 
cestors, when  in  Savagery,  in  that  of  the  Australians  and  Polyne- 
sians, when  in  th^  Lower  status  of  barbarism,  in  that  of  the 
partially  Village  Indians  of  America;  and  when  in  the  Middle 
status  in  that  of  the  Village  Indians.  So  essentially  identical 
are  the  arts,  institutions,  and  mode  of  life  in  the  same  status 
upon  all  the  continents,  that  the  archaic  form  of  the  principal 
domestic  institutions  of  the  Greeks  and  Romans  must  even  now 
be  sought  in  the  corresponding  institutions  of  the  American 
Aborigines.  This  fact  forms  a  part  of  the  accumulating  evi- 
dence tending  to  show  that  the  principal  institutions  of  mankind 
have  been  developed  from  a  few  primary  germs  of  thought ;  and 
that  the  course  and  manner  of  their  development  were  predeter- 
mined, as  well  as  restricted  within  narrow  limits  of  divergence, 
by  the  natural  logic  of  the  human  mind,  and  the  necessary 
limitations  of  its  powers.  Progress,  therefore,  has  been  substan- 
tially the  same  in  kind  in  tribes  and  nations  inhabiting  disconnected 
areas,  while  in  the  same  status,  with  deviations  from  uniformity 
produced  by  special  causes.  In  studying  the  condition  of  man- 
kind in  these  several  ethnical  periods  we  are  dealing,  substantially, 
with  the  ancient  history  and  condition  of  our  own  remote  ancestors. 


Arts  of  Subsistence.    By  Lewis  H.  Morgan,  of  Rochester,  N.  Y. 

The  same  great  fact  that  mankind  commenced  their  career  at 
the  bottom  of  the  scale  and  worked  their  way  up  to  civilization, 
through  growth  in  knowledge,  is  revealed  in  an  expressive  manner 
by  their  successive  arts  of  subsistence.  Upon  their  success  in 
multiplying  the  sources  and  increasing  the  amount  of  food  the 
whole  question  of  human  supremacy  on  the  earth  depended.    Man- 
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kind  are  the  only  beings  who  may  be  said  to  have  gained  an  abso- 
lute control  over  the  production  of  food.  Their  advancement 
has  been  identified  substantial!}'  with  the  growth  of  that  control, 
because  at  the  outset  they  did  not  possess  it  above  other  animals. 
A  knowledge  of  the  art  of  subsisting  themselves  was  essential  to 
the  preservation  of  the  species,  and  not  less  difficult,  certainly, 
in  the  primitive  period  than  at  the  present  time.  Without  enlarg- 
ing the  basis  of  that  subsistence  mankind  could  not  have  propa- 
gated themselves  into  other  areas  not  possessing  the  same  kinds  of 
food,  and  ultimately  over  the  whole  surface  of  the  earth ;  and  lastly, 
without  obtaining  an  absolute  control  over  both  its  variety  and 
amount  thej-  could  not  have  multiplied  into  populous  nations.  It 
is  accordingly  probable  that  the  great  epochs  of  human  progress 
have  been  identified,  more  or  less  directly,  with  the  enlargement 
of  the  sources  of  subsistence. 

We  are  able  to  distinguish  five  of  these  sources  of  human  food, 
created  bj'  what  ma}'  be  called  as  many  successive  arts,  one  super- 
added to  the  other,  and  brought  out  at  long  separated  intervals  of 
time.  *  The  first  two  originated  in  the  period  of  savagery,  and  the 
last  three  in  the  period  of  barbarism.  They  are  the  following, 
stated  in  the  order  of  their  appearance. 

I. — Natural  Subsistence  upon  Fruits  and  Roots  in  a  Restric- 
ted Habitat. 

This  form  goes  back  to  the  infancy  of  the  human  race,  and  as- 
sumes its  developments  from  one  primitive  stock.  It  carries  with 
it  the  further  assumption  that  this  stock  was  then  possessed  of  a 
matured  and  efficient  art  of  subsistence  which  had  brought  them 
thus  far  in  their  habitat  and  prepared  tliem  to  enter  upon  a  wider 
career.  This  primitive  mode  of  sustentation,  simple  though  it 
may  have  been,  had  an  intelligent  growth  as  well  as  a  history,  which 
ran  back  into  the  experience  of  the  lower  progenitors  of  the  hu- 
man race,  if  the  doctrine  of  evolution  from  lower  forms  is  accepted. 
In  any  event  so  essential  is  this  wonderful  art  to  the  preservation 
of  every  species  that  it  must  have  been  constantly  attended  with 
the  element  of  certainty.  Animal  food,  in  all  probability,  entered 
from  a  very  early  period  into  human  consumption  ;  but  whether  it 
was  actively  sought  when  mankind  were  essentially  frugivorous  in 
practice,  though  omnivorous  in  structural  organization,  must  re- 
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main  a  matter  of  conjecture.    This  mode  of  sustenance  belongs 
to  the  strictly  primitive  period. 

II. —  Fish  Subsistence. 

In  fish  mast  be  recognized  the  first  kind  of  artificial  food,  be- 
cause it  was  not  fully  available  without  cooking  by  means  of  fire. 
It  seems  probable,  therefore,  that  this  new  species  of  food  came  in 
subsequently  to  a  knowledge  of  the  use  of  fire,  first  utilized,  not 
unlikely,  for  this  purpose.  Upon  a  fish  subsistence  mankind  were 
enabled  to  leave  their  original  habitat  and  propagate  themselves 
over  wider  areas.  Their  spread  over  the  greater  part  of  the  earth's 
surface,  whilst  in  the  savage  state,  of  which  fact  there  is  abundant 
evidence  in  the  remains  of  flint  and  stone  implements  of  the  Sta- 
tus of  savagery  found  upon  all  the  continents,  can  only  be  ex- 
plained on  the  hypothesis  of  their  migration  upon  a  fish  subsistence^ 
which  was  universal  in  distribution,  unlimited  in  supply,  and  the 
only  kind  of  food  at  all  times  attainable.  The  cereals  were  still 
unknown,  if  in  fact  they  existed,  and  the  hunt  for  game  was  too 
precarious  ever  to  have  formed  an  exclusive  means  of  human  sup- 
port. Upon  this  species  of  food  mankind  became  independent 
of  climate  and  of  locality ;  and,  by  following  the  shores  of  the  seas 
and  lakes,  and  the  courses  of  the  rivers,  could  spread  themselves 
over  the  greater  portion  of  the  earth's  surface.  But  upon  fruits 
and  spontaneous  subsistence  this  would  have  been  impossible. 

Between  the  inti^duction  of  fish  subsistence,  followed  by  the 
wide  migrations  named,  and  the  acquisition  of  farinaceous  food 
through  cultivation,  the  interval  of  time  was  immense  in  duration. 
It  covers  nearly  if  not  the  entire  period  of  savagery.  But  during 
this  interval  there  was  an  important  increase  in  the  variety  and 
amount  of  food  in  various  ways ;  such,  for  example,  as  the  use 
of  bread  roots  cooked  in  ground  ovens,  and  in  the  permanent  ad- 
dition of  game  through  improved  weapons,  and  especially  through 
the  invention  of  the  bow  and  arrow.  This  remarkable  invention, 
which  came  in  after  the  spear  and  war  club  and  gave  the  first 
deadly  weapon  for  the  hunt,  appeared  late  in  savagery.  It  must 
have  given  a  powerful  upward  influence  to  ancient  society,  stand- 
ing in  the  same  relation  to  the  period  of  savagery,  as  the  iron 
Bwprd  to  the  period  of  barbarism,  and  fire  arras  to  the  period  of 
civilization.  If  the  period  of  savagery  should  be  divided  into 
three  sub-periods,  as  that  of  barbarism  has  been,  natural  subsis- 
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tence  would  belong  to  the  Lower,  fish  subsistence  to  the  Middle, 
and  game  subsistence  to  the  Upper  status  of  sav^ery.  When  fish 
became  superadded  to  natural  fruits,  and  later,  when  bread  roots 
and  game  became  superadded  to  both,  the  condition  of  mankind 
in  each  case  was  necessarily  much  improved.  These  were  the 
main  sources  of  human  maintenance  throughout  the  prolonged 
period  of  savagery. 

From  the  precarious  nature  of  all  these  sources  of  human  food, 
outside  of  the  great  fish  areas,  cannibalism  became  the  dire  resort 
of  savage  man  in  the  extremity  of  hunger.  This  practice,  the 
ancient  universality  of  which  in  the  period  of  savagery  is  being 
gradually  demonstrated,  testifies  significantly  to  the  undeveloped 
condition  of  the  mental  and  moral  faculties  of  the  human  mind 
in  that  early  period. 

III. — Farinaceous  Subsistence  through  Cdlttvation. 

Following  the  course  of  human  progress  in  developing  the 
successive  arts  of  subsistence,  we' now  leave  the  Status  of  savagery 
and  enter  the  Lower  status  of  barbarism.  Farinaceous  food, 
through  the  cultivation  of  cereals  and  plants,  was  unknown  in  the 
Western  hemisphere  except  among  the  tribes  who  had  emerged 
from  savagery ;  and  it  seems  to  have  been  unknown  in  the  Eastern 
liemisphere  until  after  the  tribes  of  Asia  and  Europe  had  passed 
through  the  Lower,  and  had  drawn  near  to  the  close  of  the  Middle 
status  of  barbarism.  It  gives  us  the  singular  fact  that  the 
American  Indian  tribes,  in  the  Lower  status  of  barbarism,  were  in 
possession  of  horticulture  and  of  farinaceous  food  one  entire 
ethnical  period  earlier  than  the  inhabitants  of  the  Eastern  hemi- 
'  sphere.  It  was  a  consequence  of  the  unequal  endowments  of  the 
two  hemispheres,  the  Eastern  possessing  all  the  animals  adapted 
to  domestication,  save  one,  aild  a  majority  of  the  cereals ;  while 
the' Western  in  maize,  its  one  only  cereal  fit  for  cultivation,  had 
the  best  of  all  of  them  with  which  to  inaugurate  the  use  of  farina- 
ceous food.  It  tended  to  prolong  the  duration  of  the  Opening 
period  of  barbarism  in  the  former,  and  to  shorten  it  in  the  latter ; 
with  the  advantage  of  condition  in  this  period  in  favor  of  the 
American  aborigines.  But  when  the  most  advanced  tribes  in  the 
Eastern  hemisphere,  at  the  commencement  of  the  Middle  period 
of  barbarism,  had  domesticated  animals  which  gave  them  a  perma- 
nent meat  and  milk  subsistence,  their  condition,  without  a  knowl- 
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edge  of  the  cereals,  was  much  superior  to  that  of  the  American 
aborigines  in  the  corresponding  period  with  the  possession  of 
maize  and  plants,  but  without  domestic  animals.  The  differentia- 
tion of  the  Semitic  and  AVyan  famill#a  from  the  mass  of  barbarians 
seems  to  have  commejiced  witfarthe  domestication  of  animals. 

That  the  discovery  and  cultivation  of  the  cereals  by  the  Aryan 
family  was  subsequent  to  the  domestication  of  animals  is  'shown  by 
the  fact,  that  there  are  common  terms  for  these  animals  in  the 
several  dialects  of  the  Aryan  language,  and  no  cdmmon  terms  for 
the  cereals  or  cultivated  plants.  Mommsen,  after  showing  that 
the  domestic  animals  have  the  same  names  in  the  Sanskrit,  Greek 
and  Latin,  which  Max  MiJller  afterwards  extended  to  the  remaining 
Aryan  dialects,^  thus  proving  that  they  were  known  and  pre- 
sumptively domesticated  before  the  separation  of  these  nations 
from  each  other,  proceeds  as  follows:  ^^On  the  other  hand,  we 
have  as  yet  no  certain  proofs  of  the  existence  of  agriculture  at 
this  period.  Language  rather  favors  the  negative  view.  Of  the 
Latin  Greek  names  of  grain,  none  occur  in  the  Sanskrit  with  « 
the  single  exception  of  Zsd  which  philologically  represents  the 
Sanskrit  Tavas^  but  denotes  in  Indian,  barley,  in  Greek,  spelt. 
It  must,  indeed,  be  granted  that  this  diversity  in  the  names  of  cul- 
tivated plants,  which  so  strongly  contrasts  with  the  essentia^ 
agreement  in  the  appellations  of  domestic  animals,  does  not 
absolutely  preclude  the  supposition  of  a  common  original 
agriculture.  The  cultivation  of  rice  among  the  Indians,  that  of 
wheat  and  spe^t  among  the  Greeks,  and  tjiat  of  rye  and  oats 

"■■■  '  _  ^ 

among  the^  Germans  and  Celts,  may  all  b^  traceable  to  a  common 
system  of  original  tillage."^  This  last  conclusion  is  forced. 
Horticulture  preceded  field  culture,  as  the  garden  (Jiortos)  pre- 
ceded the  field  (ager)  ;  and  although  the  latter  implies  boundaries, 
the  former  sign^es  directly  an  "enclosed  space."  Tillage, 
however,  must  have  been  older  than  the  enclosed  garden;  the 
natural  order  being,  first,  tillage  of  patches  of  open  alluvial  land, 
secoild,  of  enclosed  spaces  or  gardens,  and  third,  of  the  field,  by 
means  of  the  plow  drawn  by  animal  power.  Whether  the  cultiva- 
tion of  such  plants  as  thepea,  bean,  turnip,  ^parsnip^  beet,  squash,  _ 
and  melon,  one  or  more  of  them,  preceded  the  cultivation  of  the 
cereals,  we  have,  at  present,  no  means  of  knowing.    Some  of  these 

^  Chips  firom  a  German  Workshop.    Comp.  Table  II,  p.  49. 
*  History  of  Borne,  Scribner'a  Ed.,  Vol.  1,  p.  88. 
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have  common  terms  in  Greeks  and  Latin  ;  but  I  am  assured  by  our 
eminent  philologist,  Prof.  W.  D.  Whitney,  that  neither  of  them 
has  a  common  term  in  Greek  or  Latin  ^nd  Sanskrit. 

Horticulture  was  practised  gene;'ally  by  the  American  Aborigines 
in  the  Lower  status  of  barbarism,  while  it  seems  to  have  been 
entirely  unknown  among  Asiatic  and  European  tribes  in  the 
corresponding  status.  It  commenced  in  the  Eastern  hemisphere, 
as  now  seems  probable,  near  the  close  of  the  Middle  period,  and 
originated  more  in  the  necessities  of  the  domestic  animals  than 
in  the  necessities  of  mankind.  In  the  Western  it  commenced 
with  maize.  A  new  era  in  human  progress  was  thereby  created, 
although  not  synchronous  in  the  two  hemispheres,  of  immense 
importance  in  its  influence  upon  the  destiny  of  mankind.  There 
are  reasons  for  believing  that  it  required  ages  of  time  to  establish 
the  art  of  cultivation,  and  render  farinaceous  food  a  principal  reli- 
ance. It  came  in  as  a  superadded  subsistence,  as  well  as  inde- 
pendently in  the  two  hemispheres.  Since  in  America  it  led  to 
localization  and  to  village  life,  it  tended  to  the  ^  substitution  of 
farinaceous  food,  especially  among  the  Village  Indians,  in  the 
place  of  fish  and  game  which  ceased  to  be  attainable,  except  in 
limited  quantities,  as  the  primary  means  of  sustaining  life.  From 
the  cereals  and  cultivated  plants,  mankind  obtained  their  first 
impression  of  the  possibility  of  an  abundance  of  food. 

The  acquisition  of  farinaceous  food  in  America,  and  of  domestic 
animals  in  Asia  and  Europe,  was  the  means  of  delivering  the 
advanced  tribes,  thus  provided,  from  the  scourge  of  cannibalism, 
which,  as  elsewhere  stated,  there  are  reasons  for  believing,  was 
universal  throughout  the  period  of  savagery ;  practised  habitually 
upon  captured  enemies,  and  in  time  of  famine  upon  friends  and 
kindred.  Cannibalism  in.  war,  practised  by  war  parties  in  the  fi<eld, 
survived  among  the  American  aborigines  not  only  in  the  Lower, 
but  also  in  the  Middle  status  of  barbarism,  as,  for  example,  among 
the  Iroquois  and  the  Aztecs ;  but  the  general  practice  had  disap- 
peared. The  great  influence  of  a  permanent  increase  of  food  in 
ameliorating  the  condition  of  mankind  may  be  inferred  from  this 
among  other  considerations. 

IV.    Meat  and  Milk  Subsistence. 

The  absence  of  animals  adapted  to  domestication  in  the  western 
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hemisphere,  excepting  the  llama,'  and  the  specific  differences  in 
the  cereals  of  the  two  hemispheres  exercised  an  important  inflo- 
ence  upon  the  relative  advancement  of  their  inhahitants.  While 
the  ineqaality  of  physical  endowments  was  immaterial  to  mankind 
in  the  period  of  savagery,  it  made  an  essential  difference  with  that 
portion  who  had  attained  to  the  Middle  status  of  barbarism.  A 
marked  differentiation  of  the  races  in  the  two  hemispheres  mast 
have  commenced  as  soon  as  this  condition  was  attained.  In  the 
Eastern  a  permanent  meat  and  milk  subsistence,  through  the 
domestication  of  animals,  was  superadded  to  the  previous  food  of 
the  race ;  while  in  the  Western  meat  was  restricted  to  the  pre- 
carious supplies  of  game  among  the  tribes  in  savagery,  and  in  the 
Lower  status  of  barbarism,  and  reduced  to  an  inconsiderable 
amount  of  animal  food  among  the  tribes  in  the  Middle  status. 
This  limitation  upon  an  essential  species  of  human  food  was  un- 
favorable to  the  physical  and  mental  vigor  of  the  Village  Indians, 
and,  doubtless,  sufficiently  explains  the  inferior  size  of  the  brain 
among  them  in 'comparison  with  that  of  Indians  in  the  Lower 
status  of  barbarism. 

The  domestication  of  animals,  followed  in  time  by  their  produc- 
tion in  flocks  and  herds,  superadded  a  new  and  most  important 
source  of  human  food ;  but  restricted  to  the  Eastern  hemisphere. 
It  enabled  the  thrifty  and  industrious  to  secure  for  themselves  a 
permanent  supply  of  animal  food,  including  milk,  throughout  the 
year,  the  healthful  and  invigorating  influence  of  which  upon  the 
race,  and  especially  upon  children  while  in  the  growing  state,  was 
undoubtedly  remarkable.  It  is  at  least  supposable  that  the  Aryan 
and  Semitic  families  owe  their  preeminent  endowments  to  the  great 
scale  upon  which,  as  far  back  as  our  knowledge  extends,  they 
have  identified  themselves  with  the  maintenance  in  numbers  of  the 
domestic  animals ;  and  incorporated  them,  flesh,  milk,  and  muscle, 
into  their  plan  of  life.  No  other  family  of  mankind  has  done  this 
to  an  equal  extent  ;^  and  of  the  two,  the  Aryan  to  a  greater  d^ree 
than  the  Semitic. 

*  The  early  Spanish  writers  speak  of  a  **  damb  dog''  foand  domesticated  in  the  West 
India  Islands,  and  also  in  Mexico  and  Central  America  (see  figure  of  Aztec  dog  in 
Clavigero's  History  of  Mexico,  Vol,  1,  PI.  III).  I  have  seen  no  identification  of  the 
animal.  They  also  speak  of  poultry  as  well  as  turkeys  on  the  continent.  The  aborig 
ines  had  domesticated  the  turkey  and  the  Nahuatlac  tribes  some  species  of  wild  fowl. 

*  We  learn  ftrom  the  Iliad  that  the  Greeks  milked  their  sheep  as  weU  as  their  cows 
and  goats;— 

—  Surr   5Ifff  woXwraitovot  'avfip^ff  'cv  avA^ 

niad,  iVi  4Si. 
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• 

The  domestication  of  animals  ^adually  introduced  a  new  mode  I 
of  life,  the  pastoral,  wliicli^Jn  turn,  must  have  concentrated  these  ;' 
etocks  -upon  the  plains  of  the  Euphrates  and  of  India,  and  upon 
the  steppes  of  Asia ;  on  the  confines  of  one  or  the  other  of  which^ 
their  domestication  was  probably  first  accomplished.     To  these 
areas  their  oldest  traditions  and  their  histories  alike  refer  them. 
They  were  thus  drawn  to  regions  which,  so  far  from  being  the 
cradle  lands  of  the  human  race,  were  areas  they  would  not  have 
occupied  as  savages,  or  as  barbarians  in  the   Lower  status  of 
barbarism,  to  whom  forest  areas  were  natural  homes.     After  enter- 
ing the  pastoral  condition,  and  becoming  habituated  to  pastoral 

• 

life  it  must  have  been  impossible  for  either  of  these  families  to 
reenter  the  forest  areas  of  Western  Asia  and  of  Europe,  with 
their  flocks  and  herds,  without  first  learning  to  cultivate  some  of  '. 
the'ccreals  With  which  to  subsist  the  latter  at  a  distance  from  the  > 
grass  plains.  It  seems  extremely  probable,  therefore,  that  the 
cultivation  of  the  cereals  originated  in  the  necessities  of  the 
domestic  animals,  and  in  connection  with  these  western  migrations ; 
and  that  the  use  of  farinaceous  food  by  these  tribes  was  a  conse« 
quence  of  the  knowledge  thus  acquired. 

In  the  Western  hemisphere  the  aborigines  were  ^enabled  to  ad- 
vance generally  into  the  Lower  status  of  barbarism,  and  a  portion 
of  them  into  the  Middle  status,  without  domestic  animals,  except- 
ing the  llama  in  Peru,  and  upon  a  single  cereal,  maize,  with  the 
adjuncts  of  the  bean,  squash,  and  tobacco,  and  in  some  areas, 
cocoa,  cotton  and  pepper.  But  maize,  from  its  growth  in  the  hill 
which  favored  direct  cultivation,  from  its  usableness  in  the 
green  as  well  as  in  the  ripe  state,  and  from  its  abundant  yield  and 
nutritive  properties,  was  a  richer  endowment  in  aid  of  early  human 
progress  than  all  other  cereals  put  together.  It  serves  to  explain 
the  remarkable  progress  the  American  aborigines  had  made  with- 
out the  domestic  anln^als  ;  the  Peruvians  having  protluced  bronze, 
which  stands  next  and  quite  near,  in  the  order  of  time,  to  the 
process  of  smelting  iron  ore.  The  supply  of  game  was  necessarily 
precarious,  and  especially  so  with  the  Village  Indians  who  led  the 
advance  in  progress. 

V.    Unlimited  Subsistence  through  Field  Agriculture. 

The  domestic  animals  supplemented  human  muscle  with  animal     ' 
power,  which  contributed  a  new  factor  of  the  highest  value  for 
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human  advancement.  In  coarse  of  time  the  prodnction  of  iron, 
gave  the  ^ow  with-  an  iron  point,  together  with  the  !ron^  spade 
find  axe. '  Out  brtbese,  and  the  previous  horticulture  which  taught 
the  theory  of  cultivation,  came  fiehd  agriculture,  and  with  it,  for 
the  first  time  in  human  experience,  unlimited  subsistence.  It  maj 
be  regarded  as  a  newlj  gained  art  because  of  the  use  of  the  plow 
drawn  by  animal  power,  which  was  to  extend  so  largely  the  area  ^ 
of  cultivation.  Now  for  the  first  time  the  thought  entered  the 
human  mind  of  reducing  the  forest  and  bringing  wide  fields  under 
cultivation,  rendered  possible  by  the  i)ossession  of  iron  to^is.^ 
Moreover,  dense  populations  in  limited  areas  now  became 'possible. 
Prior  to  field  agriculture  it  is  not  probable  that  half  a  million 
people  were  developed  and  held  together  under  one  government 
in  any  part  of  the  earth.  If  exceptions  occurred,  they  must  have 
resulted  from  pastoral  life  on  the  plains,  or  from  horticulture  im- 
proved by  irrigation,  under  peculiar  and  exceptional  conditions. 
With  field  agriculture  came  the  means  of  sustaining  dense  popula- 
tions, and  of  establishing  nations  in  fixed  areas  with  some  degree 
of  permanence. 

These  several  arts  of  subsistence,  introduced  with  the  growth 
of  human  experience  at  widely  separated  intervals  of  time,  are  in 
themselves  not  only  conclusive  evidence  of  a  graduated  human 
progress,  but  they  indicate  very  plainly  a  progressive  development 
from  a  low  scale  of  being — lower  in  fact  than  the  most  penetrating 
scrutiny  can  fully  realize. 


Indian   Burial   Mounds    and    Shellheaps    near    Pensacola, 
Florida.    By  G.  M.  Sternberg,  Surgeon  U.  S.  Army. 

Having  recently  devoted  some  time  to  the  exploration  of  two 
Indian  burial  mounds  in  the  vicinity  of  Pensacola,  Florida,  I 
propose  to  put  upon  record  the  results  of  my  explorations  as  a 
contribution  to  American  Archaeology. 

•  Inque  dies  magis  in  montem  succedere  sllras 
Cogebant,  inflrnque  locum  concedere  cultis; 
Prata,  lacus,  rivos,  segetes,  vioetaque  laeta 
Collibus  ot  campiB  ut  haberent. 

Lucr.  De  Re.  Nat  V,  1369. 
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.  One  of  these  mounds  is  in  Alabama,  and  is  situated  upon  the 
extremity  of  a  peninsula  formed  by  two  arms  of  the  Perdido  Bay. 
This  bay  and  the  river  of  the  same  name  form  the  boundary  be- 
tween the  states  of  Alabama  and  Florida. 

i  shall  call  this  the  Bear  Point  Mound  as  the  peninsula  upon 
which  it  is  situated  is  known  by  this  name.  The  second  mound  is 
in  I^lofida,  about  fiftj^miles  east  of  Bear  Point,  and  is  also  on  a 
peninsula ;  formed  by  Pensacola  Bay  on  the  one  side  and  Santa 
Rosa  Sound  on  the  other.  There  is  reason  to  suppose,  as  I  shall 
presently  show,  that  these  mounds  were  built  by  different,  but 
contemporaneous,  tribes  of  Indians,  and  it  is  quite  probable  that 
these  tribes  were  hostile  to  each  other.  This  I  infer  from  the  fact 
that  their  villages,  the  locations  of  which  are  shown  by  extensive 
shell-heaps  (kjokkenmoddings),  are  situated  upon  peninsulas,  and 
BO  located  that  hostile  parties  f^om  either  one  would  be  unable 
to  approach  the  other  except  in  canoes,  or  by  an  exceedingly, 
difficult  and  circuitous  land  route.  Also,  f^om  the  fact  that  the 
sea-coast  and  bays  between  these  two  villages  present  no  evidence 
of  occupation  by  the  Indians,  except  here  and  there  a  few 
scattered  shell-heaps  of  small  size,  marking  the  site  of  the  wigwam 
of  some  hardy  brave,  who  obtained  a  subsistence  from  the 
debatable  ground  between  the  hostile  towns,  with  less  labor, 
though  at  greater  risk,  than  his  less  venturesome  companions.  On 
the  Florida  side  of  the  Perdido  Bay,  six  miles  distant  from  Bear 
Point,  there  are  extensive  shell-heaps  marking  the  location  of 
another  village,  upon  a  peninsula  known  as  Anerierty's  Point. 
This  location  was  probably  occupied  by  the  same  tribe  as  the 
opposite  point,  and,  no  doubt,  communication  was  kept  up  between 
the  two  villages  by  means  of  canoes.  As  there  is  no  burial  mound 
upon  this  point,  it  may  be  that,  owing  to  the  more  exposed  situa- 
tion of  this  village,  the  sacred  remains  of  the  dead  were  trans- 
ported across  the  bay  for  sepulture  in  the  Bear  Point  mound. 

The  shell-heaps  at  both  of  these  places  are  composed  almost 
entirely  of  oyster  shells.  In  this  respect  they  differ  from  the 
Santa  Rosa  Sound  locality,  where  the  shells  are  mainly  those  of  a 
small  round  species  of  clam  (?).  The  area  covered  by  these 
shell-heaps  I  am  unable  to  estimate  with  any  precision,  as  a  great 
portion  of  it  is  covered  with  live-oak  timber  interspersed  with 
a  dense  growth  of  underbrush.  In  all  the  localities  mentioned 
however,  the  land  has  been  cleared  to  some  extent  for  the  purpose 
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of  cultivation,  as  these  ''  shell-banks"  are  favorite  locations  for 
the  raising  of  com,  watermelons  and  frait  trees  (orange,  fig,  and 
peach).  The  cleared  land  covered  with  shells  at  Bear  Point  I 
should  estimate  at  60  acres ;  at  Anerierty's  Point,  at  100  acres ; 
and  in  the  vicinity  of  the  Santa  Rosa  mound,  at  150  acres.  The 
extent  of  the  shell-heaps  is,  however,  very  much  greater  than  this. 
The  shells  are  scattered  over  the  surface  in  irregular  heaps,  the 
contents  of  which  vary  from  a  few  bushels  to  thousands  of  bushels. 

Those  on  the  surface  are  more  or  less  softened  and  broken  by 
the  action  of  the  elements  and  the  plow;  But  upon  digging  down 
a  little  way,  to  where  they  are  undisturbed,  they  are  found  to  be 
nearly  as  fresh  looking  as  if  they  had  but  recently  been  thrown 
out  from  a  modern  oyster  saloon.  The  size  and  shape  of  the 
shells  show  that  the  epicures  among  our  aboriginal  predecessors 
feasted  upon  oysters  as  large  and  probably  as  luscious  as  any 
that  are  now  found  in  the  New  Orleans  or  Mobile  markets. 
Whether  they  obtained  the  immense  supplies,  which  they  consumed, 
from  the  waters  of  the  bay,  without  any  further  trouble  or  care 
than  that  involved  in  the  labor  of  gathering  them,  we  cannot  at 
present  decide.  But  I  think  it  not  improbable  that  they  may 
have  cultivated  them,  as  is  at  present  practised,  or  at  least  that 
the  mode  and  time  of  procuring  this,  their  staple  article  of 
diet,  was  regulated  by  law  or  custom.  This  view  is  sustained 
by  the  fact  that  the  shell-heaps  contain  only  the  shells  of  large 
and  well-developed  oysters,  such  as  would  be  marketable  at  the 
present  day. 

The  Santa  Rosa  Sound  Indians  were  not  so  particular  as  is  . 

shown  by  the  presence,  in  their  ^^ kitchen  middens"  of  the  shells 
of  various  species  of  univalve  and  bivalve  mollusks,  such  as  are 
still  found  in  the  waters  of  the  sound. 

Oysters  are  not  at  present  found  in  the  Perdido  Bay  in  any 
quantity,  owing,  it  is  said,  to  the  waters  being  too  fresh  for  them 
to  live  in  it. 

The  age  of  these  shell-heaps  can  only  be  estimated  in  a  rough 
manner  from  the  appearance  and  position  of  the  shells.  As  has 
already  been  stated,  those  on  the  surface  bear  marks  of  age, 
while  those  deeper  down  look  quite  fresh.  In  many  places  the 
decayed  stumps  of  live-oak  trees,  of  from  two  to  three  feet 
diameter,  are  found  in  situ  above  the  shells. 

That  the  Bear  Point  Indians  were  successful  fishermen  is  clearly 
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shown  by  numerous  fish  bones  which  are  found  scattered  through 
their  heaps  of  kitchen-refuse. 

That  they  did  not  depend  to  any  considerable  extent  upon  the 
chase  for  their  subsistence  is  proved  by  the  comparative  scarcity 
of  the  bones  of  animals.  The  Santa  Rosa  Sound  Indians,  on  the 
contrary,  were  great  hunters,  and  venison  was  a  staple  article  in 
their  bill  of  fare.  They  also  made  great  use  of  the  skins  of 
animals  which  they  doubtless  dressed  and  sewed  together  for 
clothing.  This  is  shown  by  the  great  number  of  bone  awls,  which 
are  found  scattered  through  their  "  kitchen-middens." 

At  Bear  Point  none  of  these  tools  are  found.  Their  absence, 
taken  in  connection  with  other  circumstances  which  I  shall 
presently  point  out,  I  take  to  be  an  evidence  of  a  more  advanced 
state  of  civilization.  Instead  of  being  rude  hunters  whose  only 
dress  was  the  skins  of  the  animals  upon  whose  flesh  they  sub- 
sisted, these  Indians  devoted  themselves  to  agriculture,  and 
doubtless  had  learned  the  art  'of  fabricating  clothing  from  grasses 
and  vegetable  fibre  of  different  kinds. ^ 

To  sew  such  fabrics  they  would  require  a  slender  needle  that 
would  pass  entirely  through  the  material,  carrying  the  thread  with 
it.  Such  needles,  probably  made  of  slender  fish  bones,  would  be 
very  perishable,  and  we  could  hardly  expect  to  find  them  at  the 
present  day. 

The  great  skill  attained  by  these  Indians  in  the  ceramic  art, 
the  large  number  of  clay  vessels  required  in  their  domestic  opera- 
tions, and  the  fact  that  they  were  not  hunters,  all  show  that  they 
must  have  been  an  agricultural  people,  dwelling  in  fixed  habita- 
tions, and  clothing  themselves  in  some  fabric  of  their  own  manu- 
facture.^ 

It  is  impossible  to  believe  that  naked  savages  whose  only  diet 

>  Mantles  made  of  the  inner  bark  of  ti-ees,  and  also  of  a  kind  of  grass  not  nnlike  flax, 
were  seen  by  tlie  early  explorers  of  Florida  (Irrlng,  "  Conqaest  of  Florida,''  p.  ^30). 

Mantles  fabricated  A-odoi  coarse  threads  of  Che  bark  of  trees  and  nettles  are  also  men- 
tioned  (loc.  cit.  p.  317). 

■The  historians  of  Do  Soto's  expedition  {vide  Irving's  "Conquest  of  Florida^') 
speak  fh^quently  of  Indian  Tillages  containing  from  50  to  600  dwellings,  subptantiaUy 
constructed  of  wood  (loc.  cit.  p.  08, 104,  111,  184,  284).  The  fortified  town  of  Mauvila 
was  in  Alabama,  probably  in  the  vicinity  of  Choctaw  Bluff,  Clark  Co.,  and  Is  stated  to 
have  been  but  seven  days'  Journey  iVom  Fensacola  Bay  (p.  284).  It  is  described  as  con- 
taining eighty  houses,  capable  of  lodging  from  5C0  to  1,500  persons,  and  as  being  forti- 
fied by  a  high  wall  formed  of  tree  trunks  driven  into  the  ground,  flattened  with  a 
mortar  of  clay  and  straw. 

Frequent  mention  is  also  made  of  extensive  fields  of  Indian  corn,  beans,  pumpkins, 
and  other  vegetables. 
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was  fish  and  oysters  would  manufacture  pottery  of  such  excellent 
design  and  finish,  and  so  artistically  ornamented,  as  is  that  which 
I  have  obtained  from  their  burial  mound,  and  the  fragments  of 
which  are  scattered  in  the  greatest  abundance  over  the  site  of 
their  village.^ 

The  pottery  was  not  all,  however,  of  such  fine  quality.  Articles 
were  made  for  every  day  use,  in  the  manufacture  of  which  utility 
alone  was  kept  in  view,  there  being  no  attempt  at  ornamentation, 
or  only  such  as  required  but  little  time  and  skill. 

The  present  owners  of  the  land  have  occasionally  picked  up, 
while  cultivating  the  ^^  shell  banks,'*  clay  images  of  the  heads  of 
birds  and  animals,  and  a  single  specimen  of  the  '^  human  face 
divine"  as  conceived  and  modelled  bj'  an  aboriginal  American 
sculptor. 

Whether  these  images  had  any  special  significance  I  am  unable 
to  say.  Some  of  them  seem  to  have  formed  the  handles  of 
earthen  vessels,  and  others  were,  in  my  opinion,  nothing  more  than 
toys  made  for  the  amusement  of  Indian  babies,  or  children  of 
larger  growth.  One  in  the  shape  of  a  squirrel's  head  is  evidently 
a  rattlebox.  It  is  hollow  and  contains  fragments  of  something 
which  rattle  when  it  is  shaken.  I  imagine  that  the  absence  of 
the  ears,  and  the  generally  dilapidated  condition  of  this  specimen, 
arc  due  to  its  having  been  mouthed  by  some  drooling  Indian  baby 
while  teething. 

A  similar  rattlebox  in  the  shape  of  an  owl's  head  was  found,  by 
some  children,  at  Anerierty's  Point,  but  was  destroyed  by  being 
crushed  between  two  stones,  for  the  purpose,  as  they  said,  of 
getting  at  "the  brains." 

The  said  "brains"  were  found  to  be  small  lumps  of  clay,  de- 
signed evidently  as  "  rattle  brains-" 

No  flint  weapons  are  found  in  the  shell-heaps,  but  I  have  ob- 
tained a  few  of  fine  form  and  finish  from  the  mound.  These  must 
have  been  obtained  from  a  distance,  by  barter  with  other  tribes, 
as  there  is  no  flint  in  the  vicinity.  The  difficulty  of  obtaining 
this  standard  material  for  the  formation  of  arrow  and  spear-heads, 
probably  made  it  necessary  for  these  Indians  to  employ  something 
more  readily  obtained  and  nearer  at  hand  for  common  use,  and 

>  In  one  instance  the  army  of  l>e  Soto  marched  for  two  leagues  through  fields  of 
com  (p.  138).  Again,  in  the  province  of  Appalachee,  subsistence  was  obtained  for 
1,600  persons  Tor  ^ve  months  (p.  193).  Five  hundred  meaaures  of  meal  made  from 
toasted  corn  were  obtained  trom  a  single  house  (p.  213). 
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the  few  flints  in  their  possession  would  naturally  be  considered  of 
great  value.  I  think  it  probable,  therefore,  that  those  found  in 
the  mound  mark  the  burial  place  of  chiefs  or  distinguished 
warriors.  It  is  likely  that  their  arrows  were  commonly  made  of 
wood  or  reeds,  hardened  at  the  point  by  burning,  or  tipped  with 
sharp  fish  bones. ^ 

Fragments  of  red  hematite  found  in  the  mound  and  scattered 
over  the  shell-heaps  were  doubtless  used  to  furnish  a  red  pigment 
for  decorating  the  person,  according  to  the  almost  universal  custom 
among  the  American  Indians. 

That  personal  ornamentation  was  not  neglected  is  further  shown 
by  a  string  of  large  beads  cut  out  of  conch  shell,  which  was  taken 
from  the  mound.  Other  shell  ornaments  in  the  shape  of  perfo- 
rated disks,  etc.,  have  been  picked  up  on  the  shell-heaps.  Blue 
glass  beads  have  also  been  found,  which  are  doubtless  of  European 
manufacture.  These,  and  an  iron  spike  which  I  myself  took  from 
the  mound,  prove  conclusively  that  the  Indians  still  occupied  this 
location  after  the  discovery  of  the  country  by  the  whites.  Two 
other  fragments  of  iron  have  also  been  taken  from  this  mound 
where  they  were  associated  with  the  remains  of  the  dead  in  the 
same  way  as  were  the  arrow-heads  and  other  articles  found.  It  is 
evident  that  they  were  buried  as  articles  of  great  value,  probably 
belonging  to  the  individual  with  whose  remains  they  were  associ- 
ated, and  consequently  that  intercourse  with  the  whites  had  not 
yet  been  sufSciently  established  to  make  iron  a  common  article  of 
use  among  the  builders  of  the  mound. 

The  Indians  have  not  occupied  this  locality  within  the  recollec- 
tion of  the  oldest  settlers,  nor  do  the  local  traditions,  which  ex- 
tend back  for  &  period  of  more  than  eighty  years,  give  any  account 
of  them.  My  own  opinion  is  that  this  village  was  a  frontier 
settlement  of  the  Natchez  Indians. 

The  Bear  Point  burial  mound,  which  I  shall  now  proceed  to  de- 
scribe, is  especially  interesting  from  the  fact  that  its  age  is  deter- 
mined with  a  certain  degree  of  accuracy  by  the  iron  spike  to  which 
reference  has  already  been  made,  and  by  a  single  glass  bead  which 
I  found  in  it.     That  the  mound  was  erected  by,  and  was  the  burial 

>  De  Soto's  historians  mention  in  several  places  the  use  of  arrows  barbed  with  flint 
(Irving  loc.  cit.  p.  191, 195. 225).  But  they  alf^o  speak  of  arrows  without  barbe^  and  of 
others  made  of  reeds  *^  tipped  with  buckahorn  wrought  with  four  corners  like  a 
diamond,  some  with  bones  of  fishes  curioHsly  fashioned,  others  <with  barbs  of  palm, 
and  other  hard  woods.'' 
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place  of,  the  people  who  lived  in  the  village  near  by,  is  amply- 
proved  by  the  fact  that  the  pottery  taken  from  it  is  of  the  same 
kind  and  ornamented  in  like  manner  with  that  of  which  innum- 
erable fragments  are  found  scattered  through  the  shell-heaps. 

The  mound  is  situated  upon  sloping  ground,  and  has  an  altitude 
of  from  twelve  to  fifteen  feet  on  the  lower  or  western  side,  and  of 
six  to  eight  feet  on  the  opposite  side.  It  is  nearly  circular  and 
has  a  diameter  of  about  100  feet. 

There  are  several  good  sized  trees  growing  upon  it,  and  one,  a 
live-oak,  is  more  than  two  feet  in  diameter.  The  mound  is  built 
of  yellow  sand  taken  from  the  immediate  vicinity ;  as  is  evident 
not  only  from  its  being  of  the  same  character  as  the  surrounding 
soil,  but  from  pits  about  its  base  from  which  sand  has  been  re- 
moved for  its  construction. 

Before  visiting  the  mound  I  was  informed  that  the  Indians  were 
buried  in  it,  in  an  upright;  position,  each  one  with  a  clay  pot  on 
his  head.  This  idea  was  based  upon  some  superficial  explorations 
which  had  been  made  from  time  to  time  by  curiosity  hunters. 
Their  excavations  had  indeed  brought  to  light  pots  containing 
fragments  of  skulls,  but  not  buried  in  the  position  they  imagined. 
Very  extensive  explorations  made  at  different  times,  by  myself, 
have  shown  that  only  fragments  of  skulls  and  of  the  long  bones 
of  the  body  are  to  be  found  in  the  mound,  and  that  these  are 
commonly  associated  with  earthen  pots,  sometimes  whole,  but 
more  frequently  broken  fragments  only.  In  some  instances 
portions  of  the  skull  were  placed  in  a  pot,  and  the  long  bones 
were  deposited  in  its  immediate  vicinity.  Again,  the  pots  would 
contain  only  sand,  and  fragments  of  bones  would  be  found  near 
them.  The  most  successful  "  find"  I  made,  was  a  whole  nest  of 
pots,  to  the  number  of  half  a  dozen,  all  in  a  good  state  of  preser- 
vation and  buried  with  a  fragment  of  skull,  which  I  take,  from  its^ 
small  size,  to  have  been  that  of  a  female.  Whether  this  female 
was  thus  distinguished  above  all  others  buried  in  the  mound,  by 
the  number  of  pots  deposited  with  her  remains,  because  of  her 
skill  in  the  manufacture  of  such  ware,  or  by  reason  of  the  unusual 
wealth  of  her  sorrowing  husband,  must  remain  a  matter  of  conjec- 
ture. I  found,  all  together,  fragments  of  skulls  and  thigh  bones 
belonging  to  at  least  fifty  individuals ;  but  in  no  instance  did  I 
find  anything  like  a  complete  skeleton.  There  were  no  vertebrae, 
no  libs,  no  pelvic  bones,  and  none  of  the  small  bones  of  the  hands 
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and  feet.  Two  or  three  skulls,  nearly  perfect,  were  found,  but 
they  were  so  fragile  that  it  was  impossible  to  preserve  them.  In 
the  majority  of  instances  only  fragments  of  the  frontal  and 
parietal  bones  were  found ;  buried  in  pots,  or  in  fragments  of 
pots,  too  small  to  have  ever  contained  a  complete  skull.  The 
conclusion  was  irresistible  that  this  was  not  a  burial  place  for 
the  bodies  of  deceased  Indians,  but  that  the  bones  had  been 
gathered  from  some  other  locality  for  burial  in  this  mound ;  or 
that  cremation  was  practised  before  burial,  and  the  fragments  of 
bone  not  consumed  by  fire  were  gathered  and  deposited  in  the 
mound. 

That  the  latter  supposition  is  the  correct  one  I  deem  probable, 
from  the  fact  that  in  digging  in  the  mound  evidences  of  fire  are 
found  in  numerous  places,  but  without  any  regularity  as  to  depth 
and  position. 

These  evidences  consist  in  strata  of  from  one  to  four  inches  in 
thickness,  in  which  the  sand  is  of  a  dark  eolor,.  and  has  mixed 
with  it  numerous  small  fragments  of  charcoal.  My  theory  is, 
that  the  mound  was  built  by  gradual  accretion  in  the  following 
manner. .  That  when  a  death  occurred,  a  funeral  pyre  was  erected 
on  the  mound,  upon  which  the  body  was  placed.  '  That  after  the 
body  was  consumed,  any  fragments  of  bones  remaining  were 
gathered,  placed  in  a  pot  and  buried.  And  that  the  ashes  and 
cinders  were  covered  by  a  layer  of  sand  brought  from  the  imme- 
diate vicinity  for  that  purpose.  This  view  is  further  supported 
by  the  fact  that  only  the  shafts  of  the  long  bones  are  found,  the 
expanded  extremities,  which  would  be  most  easily  consumed, 
having  disappeared.  Also  by  the  fact  that  no  bones  of  children  were 
found.  Their  bones  being  smaller,  and  containing  a  less  propor- 
tion of  earthy  matter,  would  be  entirely  consumed. 

I  found  in  the  mound  several  small  pots  which  may  be  supposed 
to  have  been  the  property  of  children,  and  in  one  I  found  a  toy 
arrow-point  made  of  shell. 

This. I  take  to  have  been  a  mother's  tribute  to  the  memory  of  her 
little  one,  and  the  fact  that  no  bones  were  found  in  its  vicinity 
supports  the  supposition  that  the  body  was  entirely  consumed  by 
the  flames. 

It  may  be,  however,  that  the  Indians  were  in  the  habit  of  pre- 
serving the  remains  of  their  friends  above  ground  for  a  certain 
length  of  time,  in  caskets,  or  upon  platforms    elevated  upon 
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poles  or  in  trees,  and  that  at  stated  periods  they  were  taken  to 
the  mound,  consamed  with  fire,  and  the  fragments  of  bone  buried 
in  the  manner  ulready  indicated.^ 

At  the  Santa  Rosa  mound  the  method  of  burial  was  different 
Here  I  found  the  skeletons  complete,  and  obtained  nine  well  pre- 
served skulls  (Destined  for  the  Army  Medical  Museum).  The 
bodies  were  not,  apparently,  deposited  upon  any  regular  system, 
and  I  found  no  objects  of  interest  associated  with  the  remains. 
It  may  be  that  this  was  due  to  the  fact  that  the  skeletons  found 
were  those  of  warriors  who  had  fallen  in  a  battle  in  which  they 
had  sustained  a  defeat.  This  view  is  supported  by  the  fact  that 
they  were  all  males,  and  that  two  of  the  skulls  bore  marks  of 
antemortem  injuries  which  must  have  been  of  a  fatal  character.^ 

It  may  be  that  a  more  complete  exploration  of  this  mound, 
which  is  considerably  larger  than  that  at  Bear  Point,  would  throw 
additional  light  upon  the  mode  of  life  and  peculiar  customs  of  its 
builders.  The  skeletons  found  show  that  they  were  an  athletic 
race,  and  one  thigh  bone  which  I  have  preserved  measures  nineteen 
inches  in  length.^ 

The  skulls  taken  from  this  mound  with  a  single  exception  belong 
to  the  type  denominated  brachycephalic  and  the  jaws  are  prog- 
nathous. There  is  also  in  nearly  all  a  remarkable  want  of  sym- 
metry in  the  posterior  region  of  the  skull ;  it  being  flattened,  and 
having  a  projecting  bulge  to  one  side  or  the  other.  This  is  prob- 
ably a  deformity  produced  during  childhood,  either  intentionally, 
or  as  a  consequence  of  the  practice  adopted  by  the  Indian  mothers 
of  strapping  their  infants  to  a  board  for  safe  keeping.  The  bones 
are  well  preserved  in  consequence  of  the  mound  having  been  con- 
structed from  peaty  soil  taken  from  the  swamp  in  which  the  mound 
is  built. 

«  We  read  in  Inring  (loo.  cit.)  that  Jnan  Ortis  was  placed  on  guard  oyer  an  Indian  cem- 
etery which  was  situated  in  a  lonely  fbrest,  and  in  which  the  bodies  were  preeenred  in 
wooden  boxes  (p.  64).  In  another  place,  that  the  chiefs  and  warriors  were  buried  in  a 
temple  or  mausoleumf  in  which  the  bodies  were  deposited  in  wooden  boxes  (p.  230). 

>  It  is  stated  by  Irving  (loc.  cit.)  on  the  authority  of  the  Spanish  and  Portugese 
narratives  Arom  which  he  obtained  the  fkcts  detailed  in  his  book;  that  a  superstitious 
belief  prevailed  among  the  Florida  Indians,  that  ^Hhose  defeated  in  battle  were  in* 
fkmous and  accursed;"  and,  in  another  place,  that  the  bodies  of  Indians  fallen  in 
battle  were  heaped  up  in  a  mound,  unburied  (p.  149). 

*  De  Soto's  historians  make  frequent  mention  of  the  gigantic  size  of  some  of  the 
Florida  Indians,  and  they  are  commonly  spoken  of  as  of  good  stature  and  well  formed 
(Irving,  loc.  cit.  pp.  81, 110, 126, 188).  One  young  chief  is  mentioned  as  being  taller  than 
any  Spaniard  in  the  army  (p.  266),  and  Tuscaloosa,  the  tiXher  of  this  young  chief,  is 
said  to  have  been  a  foot  and  a  half  taller  than  any  Indian  in  the  army  (p.  268). 
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The  facta  bearing  upon  the  age  of  this  mound,  which  my  eiq[)lor- 
ations  have  thus  far  developed,  are  the  following. 

The  articles  found  in  it  and  in  the  vicinity  are  all  of  Indian 
manufacture.  These  are,  numerous  fragments  of  pottery,  more 
rude  in  design  than  those  from  the  Bear  Point  locality ;  a  large 
number  of  bone  awls  of  different  shapes  and  sizes ;  a  single  shell 
adze,  or  scraping  tool.  On  the  other  hand,  a  tibia  dug  from  the 
mound  presents  the  appearance  of  having  been  affected  during 
life  by  a  disease  which  was  unknown  among  the  Indians  prior  to 
the  arrival  of  the  whites ;  one  of  the  skulls  has  a  hole  through 
its  vertex  which  looks  wonderfully  like  a  bullet  hole ;  and  one  of 
the  skulls  taken  from  the  mound  differs  ftom  all  the  others  in 
being  dolichocephdlotLS^  and  symmetrical  in  shape.  This  may  be 
the  skull  of  a  white  man  or  half  breed. 

The  mound  from  which  these  skulls  were  obtained  is  located  in 
a  swamp  about  500  yards  in  rear  of  the  village,  which  was  (as 
shown  by  the  shell-heaps),  directly  on  the  margin  of  the  sound. 

In  a  commanding  position  near  the  centre  of  the  village  is  another 
mound,  higher  than  the,  burial  mound,  but  having  a  much  less  di- 
ameter (about  twenty  feet  high  and  sixty  in  diameter).  A  partial 
exploration  of  this  revealed  no  bones  or  other  objects  of  interest,  ex- 
cept such  as  are  found  in  the  kitchen-middens  in  the  neighborhood, 
which  have  evidently  furnished  the  matenals  for  its  construction. 

From  its  summit  an  extensiye  view  is  obtained  of  the  Sound,  of 
Santa  Rosa  Island,  and  of  the  Gulf  of  Mexico  beyond.  Its  com- 
manding position  is  shown  by  the  fact  that  the  confederates 
erected  a  battery  upon  it  during  the  war,  for  the  purpose  of  pre- 
venting light  draught  gun-boats  from  entering  Pensacola  harbor 
by  way  of  Santa  Rosa  Sound. 

This  mound  was  probably  erected  as  a  lookout  station,  and  may 
have  had  upon  it  the  residence  of  the  chief  or  head  man  of  the 
village.'^ 

We  may  imagine  a  crowd  of  astonished  savages,  painted  and 
plumed,  gathered  upon  its  summit  and  looking  over  the  Gulf  at 
the  approaching  ships  of  Gomes  Arias,  who  in  1540  came,  by 
appointment,^  to  meet  De  Soto  at  the  Bay  of  Achusi  (Pensacola). 

V  De  Soto  found  the  Chief's  dwelling  built  upon  an  artiflcial  monnd  in  several 
Tillages  which  he  visited  (Irving,  loo.  cit.  p.  68  and  129). 

"  De  Soto  failed  to  keep  the  rendezvous  appointed  with  Arias,  for  reasons  of  his 
own,  (loc.  cit.  p.  283),  and  the  latter  after  cruising  about  all  summer  in  a  vain  attempt 
to  rejoin  his  commander,  was  obliged,  upon  the  approach  of  winter,  to  return  to 
Havana. 
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From  tbe  Bear  Point  mound  I  obtained  certain  objects  of  interest  V 

which  throw  some  additional  light  upon  the  habits  of  its  builders. 

A  hemispherical  piece  of  granite,  having  a  slight  concavity  in  its 
base,  was  probably  used  for  grinding  parched  com,  a  beautifully 
polished  biconvex  disc  of  chalcedony  was  of  a  suitable  size  and 
form  to  serve  as  a  quoit.  The  >iist  amount  of  labor  which  must 
have  been  expended  in  shaping  and  polishing  so  hard  a  material, 
and  its  consequent  great  value,  make  it,  however,  doubtful  whether 
it  was  used  for  this  purpose.  Other  smaller  disks,  were  possibly  for 
pitching  at  a  mark,  or  may  have  been  used  as  markers  or  counters 
for  some  game.  A  single  clay  pipe  shows  that  the  Indians  also 
indulged  themselves  in  at  least  one  of  the  luxuries  of  life. 


Arch^ological  Notes  from  Wyoming.    By  Theo.  B.  Comstock, 
of  Ithaca,  N.  Y. 

(ABSTRACT). 

This  paper  was  presented  in  order  to  call  attention  to  some  re- 
mains of  man's  art  and  history,  occurring  along  the  route  of  Capt. 
Wm.  A.  Jones's  Expedition  to  the  Yellowstone  Park  in  1873,  to 
which  the  writer  was  attached  as  geplogi^,  as  a  limited  edition  only 
of  the^  full  report  (2nd  edition),  containing  an  account  of  these 
relics,  was  issued  from  the  Government  Printing  Office,  entitled 
"  Report  upon  the  Reconnaissance  of  N.  W.  Wyoming,  including 
Yellowstone  National  Park,  made  in  the  summer  of  1873  by 
William  A.  Jones,  Capt.  of  Engineers,  U.  S.  A. —  With  Appendix: 
Washington,  1875."  I 

At  present  there  is  no  recorded  knowledge  of  any  facts  or  tradi- 
tions which  will  enable  one  to  pass  final  judgment  upon  the 
question  of  the  age  of  these  relics,  but  there  is  little  evidence  to 
prove  that  they  represent  a  period  very  far  in  the  past.  They 
consist  in  part  of  flint  and  quartzite  flakes,  both  rude  and 
well-worked,  the  former  being  found  mainly  in  the  vicinity  of  the 
41st  parallel  along  the  northern  base  of  tbe  Uintah  Mountains, 
the  latter  being  scattered  thinly  over  a  considerable  area  north- 
ward. Besides  these  occur  rude  hieroglyphs  in  soft  rock,  several 
peculiar  stone  heaps  and  stone  circles,  and  other  relics  of  less 
interest.  All  of  these  are  sufficiently  described  in  the  report  just 
mentioned,  to  which  all  who  desire  further  information  are  referred. 
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Notes  upon  some  Explorations  op  Ancient  Mounds  in  the 
Vicinity  of  Grand  RapidsT,  Mich.  By  W.  L.  Coffij^berrt 
AND  E.  A.  Strong  J  of  Grand.  Rapidi^Mich.   ^ 

Recent  explorations  and  excavations  among  the  numerous 
ancient  mounds  in  the  vicinity  of  Grand  Rapids,  undertaken  by 
the  Kent  Scientific  Institute  of  that  place,  and  carried  forward  by 
the  authors  of  this  paper,  with  the  assistance  of  other  members  of 
the  Institute,  have  developed  some  facts  of  interest,  to  us  at  least, 
which  will  be  given  in  detail  through  another  channel.  It  is  th^ 
object  of  the  present  paper  merely  to  give,  in  a  brief  topical  form, 
certain  conclusions  derived  from  these  explorations. 

1st.  Number  of  Mounds  Examined.  Eight  groups^  contain- 
ing in  all  fort^'-six  mounds  have  been  seen  and  inspected  more  or 
less  thoroughly,  of  which  number,  fourteen  ^have  been  excavated 
and  explored  with  great  care.  A  typical  group  of  seventeen 
mounds  on  the  farm  of  Capt.  A.  N.  Norton,  about*  three  miles 
below  the  city  of  Grand  Rapids,  on  the  bank  of  Grand  River,  was 
carefully  surveyed  and  platted,  and  several  of  them  thoroughly 
explored. 

2nd.  Size  and  Shape.  The  mounds  examined  vary  from  two 
feet  to  fifteen  and  one-half  feet  in  height,  and  from  ten  feet  to 
one  hundred  and  two  feet  in  diameter. 

In  all  cases  they  are  more  or  less  exactly  conical,  somewhat 
flattened  at  top,  with  a  broad  talus  at  the  base ;  such  a  form  as 
any  conical  mound  of  earth  will  assume  after  long  exposure.  The 
map  of  the  Norton  mounds  (exhibited  at  the  meeting)  shows  the 
form  better  than  words  can  describe.  In  no  case  does  the  outline 
of  the  group  show  any  appreciable  figure  or  *'  totem." 

drd.  Material.  The  material  of  which  the  mounds  are  com- 
posed seems  in  most  cases  to  be  gathered  from  the  surface  about 
the  base  of  the  mounds  over  such  an  extent  as  to  leave  no  appre- 
ciable depression.  Each  mound  is  nearly  homogeneous,  and  is 
usually  composed  of  surface  or  alluvial  soil.  Only  in  a  few  cases 
has  resort  been  made  in  their  construction  to  the  underlying 
gravels  and  clays.    In  most  cases  it  is  sufiSciently  evident  that  no 


^ 
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great  interval  of  time  elapsed  between  the  beginning  and  the  com* 
pletion  of  each  mound. 

4th.  Age.  That  the  mounds  are  very  old  can  easily  be  estab- 
lished. Trees  are  growing  upon  the  Norton  mounds  equal  in  size 
to  some  of  the  same  species,  standing  upon  the  same  kind  of  soil, 
which  had  two  hwndred  and  sixty  ringa  of  growth,  while  at  their 
base  are  lying  the  remains  of  still  larger  trees  which  must  hare 
been  giants  while  the  former  were  saplings. 

But  more  conclusive  evidence  of  the  great  antiquity  of  these 
structures  is  found  in  the  condition  of  the  articles  which  many 
of  them  contain.  Human  bones  are  decomposed  almost  beyond 
recognition ;  only  in  favorable  cases  will  they  bear  their  own  weight 
when  exhumed.  Even  the  dense  shafts  of  the  long  bones  of  her- 
bivorous animals  are  sometimes  so  tender  that  they  can  be  rubbed 
to  powder  between  the  fingers.  Copper  is  encrusted  with  a  thicker 
coating  of  the  carbonate  than  pieces  of  the  same  material  found  at 
the  depth  of  several  feet  in  the  heavy  drift  in  the  same  vicinity. 
Heavy  marine  shells,  as  well  as  those  of  the  larger  unios,  are  in  a 
friable  or  pulverulent  condition.  Wood,  bark,  and  all  fabrics  are 
entirely  decomposed  and  returned  to  their  native  elements. 

While  these  statements  are  true  in  general  of  all  mounds 
explored  by  us,  they  are  far  more  apparent  in  some  cases  than  in 
others,  which  led  us  to  question  whether  all  the  mounds  of  the 
same  group  are  coeval. 

5th.  PuBPOSB  OB  Uses.  One  single  mound,  or  rather  the 
remains  of  one,  has  been  observed  which  might  ci»me  under  the 
designation  of  refuse  heaps.  It  was  entirely  removed  years  ago 
to  make  way  for  the  dock  and  mill  at  Spoonville,  Ottawa  County, 
Mich.  It  is  described  by  those  who  removed  it,  as  a  huge  pile  of 
ashes,  shells,  and  fish  bones,  about  fifteen  feet  high,  forty-five  feet 
wide,  and  one  hundred  feet  long  (these  are  minimum  dimensions), 
and  is  in  part  at  least  recent. 

About  one-third  of  the  mounds  examined  were  clearly  mounds 
of  sepulture.  The  use  of  the  others,  or  the  motive  which  led  to 
their  construction,  can  only  be  conjectured. 

It  is  quite  reasonable  to  suppose  that  they  were  either  monu- 
mental or  commemorative,  or  were  erected  as  observatories,  the 
last  supposition  being  the  least  probable.    Mounds  of  this  class 


B.      NATURAL  HISTORY.  295 

can  in  no  way  be  distinguished  from  burial  mounds  by  any  outward 
signs.  They  are  simply  empty  and  structureless  piles  of  earth 
mingled  confhsedly  with  burial  mounds. 

6th.  Imtrusive  Material.  The  late  Messrs.  Louis  Campan  and 
Rix  Robindon,  both  of  whom  spent  much  of  their  lives  with  Indian 
tribes  of  the  upper  and  lower  peninsula  of  Mich.,  had  their  con- 
fidence, and  were  familiar  with  their  manners  and  languages,  used 
to  8SL^  that  their  Indian  friends  uniformly  declared  that  the  mounds 
were  not  built  by  themselves,  that  they  did  not  know  their  orighi, 
but  that  they  all  regarded  them  with  reverence  and  preferred  to  be 
buried  near,  or  upon  them. 

7th.  Material  Found  nT  the  Mounds.  This  may  be  conven- 
iently described  under  the  following  heads:.  Human  remains^ 
fabrics^  pottery  an&  drinking  vessels ^  stone  implements^  hone  implex 
merits^  and  copper  implements^  but  for  the  sake  of  brevity  several 
of  these  topics  will  be  omitted. 

These  materials  were  intimately  associated.  Where  humtm 
remains  were  wanting  nothing  was  found,  while  in  no  case  were 
skeletons  exhumed  without  revealing  something  else  of  interest, 

often  of  all  of  the  above  named  kinds. 

« 

A.  Human  Remains.  These  were  almost  invariably  found  in 
an  elongated,  concave,  irregularly  oval  pit,  a  foot  or  two  below 
the  natural  surface  of  the  ground,  surrounded  by  whatever  objects 
of  interest  the  mound  contained.  The  relative  situation  of  this 
material  being  essentially  as  in  the  ordinary  English  barrows. 
The  skeleton  is  not  oriented,  but  the  feet  are  turned  indifferently 
in  any  direction ;  nor  is  there  any  uniformity  in  the  posture  of 
the  body  or  in  the  position  of  the  members.  A  half  sitting  or 
reclining  posture  has  been  observed,  and  in  one  instance  a  posi- 
tion much  that  of  the  skeleton  from  the  cave  of  Menton,  figured 
in  Dana's  Geology  and  elsewhere ;  more  commonly,  however,  the 
limbs  are  violently  flexed  upon  the  body,  or,  as  is  still  more  fre- 
quently the  case,  the  bones  of  the  skeleton  are  confhsedly  mingled. 

Frequently  only  the  larger  bones  are  fouiul,  and  not  one  com- 
plete skeleton  has  been  seen.  Portions  of  a  skull  may  be  wanting, 
the  long  bones  may  be  broken  and  the  pieces  dissevered,  or  some 
of  the  pieces  may  not  be  present. 
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In  every  instance  the  skull  is  flattened  as  if  by  the  pressure  and 
settling  of  the  soil  in  the  direction  of  the  vertical  axis  of  the 
mound,  and  this  without  any  reference  to  the  position  of  the  skull. 

B.  Fabrics.  All  the  copper  articles  found  bear  traces  of  hav* 
ing  been  wrapped  previous  to  deposition,  in  a  coarse  (apparently) 
woven  cloth  which  uniting  with  the  encrusting  carbonate  has  been 
at  once  preserved  and  obscured  by  it.  In  several  instances  where 
the  earth  has  been  carefully  cleared  away  from  bone  s[>earSf  flint 
implements,  or  even  the  common  fragments  of  quartz  pebbles, 
impressions  of  fabrics  have  been  clearly  visible. 

The  impressions  are  such  as  would  be  made  by  coarse,  loosely 
woven  cloth  having  about  Iwelve  or  fourteen  untwisted  or  slack- 
twisted  fibers  to  the  inch. 

C.  Hollow  Vessels.  Several  large  marine  shells  were  uncov- 
ered. They  were  all  hollowed  out  apparently  for  carrying  or  stor- 
ing water,  and  in  one  case  perforated  at  the  upper  edge  on  opposite 
sides  for  suspension  by  a  cord  or  thong.  A  few  fragments  of 
usual  coarse  pottery  were  also  found  with  external  markings  as  if 
formed  and  baked,  or  dried,  in  a  basket  of  rushes  or  grasses,  or 
perhaps  both  may  have  been  used  for  such  purposes.  In  addition 
to  these,  fragments  of  a  much  finer  sort  of  hollow  ware,  of  a  differ- 
ent composition  and  covered  with  ornamental  lines  and  marks 
either  impressed  or  engraved,  were  exhumed. 

So  far  as  the  authors  of  this  paper  are  informed,  these  are  quite 
extraordinary  both  in  their  form  and  their  external  markings,  and 
unique  in  appearance.  The  upper  part  of  the  vessel  sometimes 
appears  to  bear  marks  of  having  been  formed  by  revolution  as 
upon  some  kind  of  wheel,  while  the  lower  part  is  irregularly  convex 
and  usually  has  three  or  four  strong  bulges  or  protuberances. 

The  rim  is  well  made ;  somewhat  thickened,  neatly  beveled  or 
rounded  at  top,  and  often  ornamented  with  a  check  pattern  pro- 
duced by  quick  diagonal  strokes  of  a  pointed  instrument.  Below 
this  is  a  plain  band,  bordered  by  grooves  or  rows  of  triangular 
pits,  or  both.  The  lower  part  of  the  vessel  is  ornamented  with  a 
variety  of  patterns,  usually  having  some  reference  to  the  protub- 
erences  above  mentioned. 

These  vases  or  vessels  are  small,  having  a  capacity  of  one  or  two 
quarts  at  most,  and  in  all  cases  were  found  in  scattered  fragments 
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as  if  they  had  been  thrown,  or  placed,  in  the  pit  before  it  was  filled, 
or  while  it  was  being  filled.  One  only  seemed  to  have  been 
crushed  by  the  settling  of  the  mound,  as  the  pieces  were  nearly 
in  place.  It  contained  a  mass  of  irregular  flint  chips,  such  as  is 
often  found  in  these  barrows. 

Note, — In  our  explorations  of  the  Norton  group  of  mounds,  we 
found  nothing  of  recent  deposit,  but  in  one  mound  on  the  farm  of 
Mr.  Hoyce,  about  a  quarter  of  a  mile  distant,  we  found  parts  of  a 
skeleton,  consisting  of  a  few  broken  pieces  of  the  cranium,  the 
sacrum,  a  few  teeth,  and  some  other  pieces  much  decayed  or  burned, 
or  both  burned  and  decayed,  as  there  was  much  charcoal  in  close 
'  proximity  to  the  fragments  of  bones.  Both  charcoal  and  bones 
were  not  more  than  one  foot  and  a  half  below  the  top  of  the  mound, 
while  the  mound  itself  was  about  six  feet  high  and  forty  feet  di- 
ameter at  the  base,  and  considerably  flattened  by  time. 

In  this  mound  we  found  npthing  of  interest  at  the  natural 
surface  of  the  grounc}  and  below  it,  as  we  did  in  the  Norton  group, 
except  one  small  copper  needle  about  one  and  one-fourth  of  an 
inch  long,  thickly  coated  with  green  oxide,  and  a  few  flint  chips. 


Recent  Explorations  of  Mounds  near  Davenport,  Iowa.    By 
R.  J.  Farquharson,  of  Davenport,  Iowa. 

In  the  immediate  vicinity  of  Davenport,  Scott  County,  Iowa, 
and  during  the  summer  of  1874,  a  bit  of  "spade  cultivation  of 
history  "  was  done  which  yielded  remarkable  results.  The  work 
was  performed  by  the  Rev.  Mr.  Gass,  assisted  by  four  theological 
students  who  were  spending  the-  summer  vacation  with  him.  In 
his  account,  published  in  the  daily  papers,  Mr.  Gass  states,  that 
his  attention  was  called  to  the  fact  of  the  existence  of  these 
mounds,  by  the  present  owner  of  the  land,"  Mr.  G.  Schmidt,  who 
remembered  very  nearly  the  precise  situation  of  each  mound, 
though,  the  land  having  been  in  steady  cultivation  for  more  than 
twenty  years,  the  prominence  of  the  mounds  above  the  surrounding 
surface  had  been  reduced  to  almost  nothing.    These  mounds  had 
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been  repeatedly  dug  into,  but  in  the  usual  8ut>erficial  way.  A 
gentleman  told  the  writer,  that  in  the  year  1860,  he  and  his 
brother  spent  a  summer's  day,  in  digging  a  trench  through  one  of 
these  mounds,  which  at  its  deepest  part  (the  middle  of  the  mound) 
was  three  or  three  and  a  half  feet  deep.  They  only  discovered 
some  recent  Indian  bones. 

But  in  this  very  mound,  the  thorough  and  systematic  exploration 
of  the  German  students  to  the  depth  of  at  least  six  feet  belovr 
the  present  surface,  and  fully  that  much  below  the  excavation  of 
1860,  unearthed  a  rich  store  of  archseological  treasure. 

The  great  depth  below  the  actual  surface  would  seem  to  indicate 
that  some  of  the  bodies  (those  in  a  sitting  posture)  were  not  placed 
in  the  ground,  nor  in  a  slight  excavation,  but  were  inhumed  in  a  • 
pit,  which,  from  the  presence  of  rotten  wood,  was  probably  cov- 
ered over  and  surrounded  with  wood,  thus  resembling  the  circular 
stone  graves  found  elsewhere  in  this  country. 

Site  of  the  Mounds.  —  This  is  well  shown  by  the  accompany- 
ing  map,i  for  which  I  am  indebted  to  the  kindness  of  Mr.  W.  H. 
Fratt.  The  mounds  are  situated  about  one  mile  below  the  city  of 
Davenport,  on  the  immediate  bank  of  the  Mississippi  River; 
having  a  general  bearing  N£  and  SW,  or  nearly  parallel  to 
the  course  of  the  river  at  this  point,  and  distant  from  high  water 
mark  about  two  hundred  and  fifty  feet.  As  will  be  seen  by  the 
map,  all  of  these  mounds  are  placed  upon  a  strip  of  ground,  whose 
average  surface  is  only  from  eight  to  twelve  feet  above  high  water, 
thus  disproving  the  assertion  of  a  late  writer  (Mr.  Alexander 
Delmar  in  the  '' Independent,"  May  SOth,  1875),  that  "  when  the 
mound  builders  inhabited  the  Mississippi  Valley,  the  alluvial  de- 
posits of  rich  black  mould,  which  now  render  that  portion  of  the 
country  so  AruitfUl,  did  not  exist,"  but  also  the  older  one  of  Squier, 
that  '^  none  of  these  works  (the  mounds)  occur  in  the  lowest  formed 
of  the  river  terraces,  which  mark  the  subsidence  of  the  western 

streams, while  they  raised  them  promiscuously  in  all 

others." 

Mound  No.  1.  (Plate  3,  fig.  1.)  The  first  or  upper  mound  (a 
single  mound  though  apparently  double  on  the  surface)  had  a 
diameter  of  thirty,  and  a  height  of  four  or  five  feet. 

^  Not  reprodaoed. 
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The  layers,  from  above,  downwards,  were  anbroken ;  first,  a  foot 
of  earth,  then  a  layer  of  stones  one  and  one-half  feet  thick  (these 
stones  came  from  the  river  and  were  nicely  formed),  then  a  foot 
and  a  half  of  earth,  then  a  layer  of  shells  two  inches  thick,  then 
a  foot  of  earth,  and  finally  a  second  layer  of  shells  four  inches 
thick,  immediately  ander  which  (t.  e.,  at  a  depth  of  five  feet)  the 
skeletons,  all  of  adults,  and  five  in  number,  were  found.  The 
skeletons  were  lying  in  a  horizontal  position,  parallel  and  close 
together ;  three  lay  from  east  to  west  and  so  that  the  head  of  one 
rested  on  the  shoulder  of  the  next,  while  the  fourth  and  fifth  lay  in 
the  opposite  direction,  or  heads  to  the  west  and  feet  to  the  east. 

With  the  first  three,  or  those  with  heads  to  the  east,  no  relics 
were  found,  while  with  the  latter,  or  those  with  heads  to  the  west, 
all  the  following  interesting  objects  were  found. 

A  large  sea  shell  (Pyrula  perversa)  with  the  axis  and  inner 
whorls  removed ;  two  copper  axes,  Nos.  6  and  8^  (Plate  5,  figs. 
6  and  8),  very  nearly  alike  in  form  and  weight,  they  were  found 
back  to  back  (».  e.,  with  fiat  surfaces  in  contact)  ;  they  were  both 
covered  with  cloth,  which  was  removed,  when  the  surfaces  were 
unfortunately  scraped  on  the  spot  with  a  knife,  fragments  of  it, 
spared  by  the  cleaning  being  now  visible ;  a  copper  awl ;  one  flint 
arrowhead  ;  and  two  pipes,  one  representing  a  frog  (PL  2,  fig.  2), 
the  other  was  plain.  The  human  bones  appeared,  when  first  ex- 
posed, to  be  in  a  good  state  of  preservation,  but  fell  to  pieces 
when  moved. 

MoDND  No.  2.  (Plate  8,  fig.  2.)  This  was  about  100  feet  SW 
of  No.  1,  and  though  like  it  in  outward  form  was  quite  different 
inside,  in  having  no  layers  of  shells,  but  several  layers  of  stones, 
with  a  few  scattered  shells.  At  a  depth  of  five  feet,  eight  ^  skulls, 
with  some  fragments  of  bones,  were  unearthed.  These  were  laying 
in  a  semicircle  of  five  feet  diameter,  and  each  skull  was  surrounded 
by  a  circle  of  small  stones.  From  the  position  of  the  skulls  and 
bones,  these  eight  bodies  had  been  buried  in  a  sitting  posture. 

In  this  mound  were  found  the  following  articles.  Two  copper 
axes,  Nos.  9  and  10  (Plate  5,  figs.  9  and  10)  ;  two  small  hemi- 
spheres of  copper,  and  one  of  silver,  probably  ear  pendants ;  a 
canine  tooth  of  a  bear ;  a  fiint  arrowhead ;  a  mass  of  red  pigment ; 

*  These  numbers  refer  to  the  descriptire  table  on  page  804. 

*  In  the  plate  the  artist  has  drawn  only  five  sknUs  and  skeletons. 


• 


• 


800  B.      NATURAL  BISTORT. 

the  vertebrse  of  a  small  snajse  (probably  accidental).     From  this 
mound  came  the  two  fragments  of  skull  shown  at  the  meeting. 

Mound  No.  3.  (Plate  8,  fig.  3.)  This,  the  largest  of  the  series, 
was  120  feet  SW  of  the  last  described.  Of  this  mound  the  Rev. 
Mr.  Gass,  its  explorer,  says  '^  its  outer  and  inner  arrangements 
were  quite  similar  to  the  first ;"  but  in  its  further  description  the 
layers  of  stones  and  of  shells  were  not  mentioned. 

At  a  depth  of  one  and  one-half  feet  were  found  two  adult 
skeletons,  lying  in  a  horizontal  position.  From  the  freshness  of 
the  bones,  from  some  oakwood  covering  them,  as  well  as  from  the 
accompanying  relics,  glass  beads,  clay  pipe,  fire  steel,  and  a  silver 
ear  ring,  this  was  taken  to  be  an  intrusive  buria]  of  recent  Indians. 
Two  of  the  bones  from  these  skeletons,  a  femur  and  a  tibia,  curi- 
ously mutilated  by  a  sharp  cutting  instrument  are  preserved  in 
the  museum  at  Davenport. 

Beneath  these  bones,  at  a  depth  of  six  feet,  and  under  a  thin 
layer  of  ashes,  were  found  the  bones  of  two  adults  and  of  one 
very  young  child.  The  posture  of  the  adults  is  not  given  by  the 
explorer,  nor  their  relation  to  the  infant's  bones;  these  latter, 
however,  were  covered  with  a  great  many  copper  beads  of  various 
shapes  and  sizes,  and  by  these  were  dyed  of  a  deep  green  color ; 
they  were  also  surrounded  by  a  circle  of  small  red  stones,  arranged 
like  the  rays  of  the  sun. 

Besides  the  beads  and  stones  were  found  the  following.  Five 
copper  axes,  Nos.  1,  2,  8,  4  and  5  (Plate  5,  figs.  1,  2,  8,  4,  and  5), 
all  covered  more  or  less  with  cloth ;  two  carved  stone  pipes,  one 
plain  and  the  other  having  the  form  of  the  ground  hog  (Plate  2, 
fig.  1)  ;  many  teeth  of  animals,  including  several  canines  of  the 
black  bear,  one  polished  and  with  holes  drilled ;  the  incisors  of 
small  rodents,  muskrat,  gopher,  etc. ;  the  enamel  from  incisors  of 
a  large  rodent,  probably  the  beaver ;  one  flint  arrowhead ;  three 
broken  pots,  with  bones  of  the  soft-shelled  river  turtle  adhering  to 
the  insides  of  the  fragments;  two  pieces  of  galena;  yellow 
pigment  (ochre). 

Mound  No.  4.  (Plate  3,  fig.  4.)  This  was  250  feet  SW  of  the 
last,  and  was  of  a  simple  structure  containing  neither  layers  of 
stone  nor  of  shells.  At  a  depth  of  six  feet,  and  under  a  layer  of 
six  inches  of  ashes  were  found  four  adult  skeletons,  lying  close 
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together,  with  which  was  one  copper  axe.  From  the  earth  in  which 
the  skeletons  lay,  it  could  be  distinctly  seen  that  they  had  been 
enveloped  in  cloth,  or  some  woven  material,  and  at  their  feet,  at  a 
depth  of  four  feet,  was  a  round  heap  or  altar  (three  feet  high)  of 
five  stones  nicely  joined  together.  As  stated  above,  the  only  relic 
here  found  was  the  copper  axe,  No.  7  (Plate  5,  fig.  7). 

Mound  No.  5.  (Plate  4,  fig.  5.)  This  was  distant  100  feet 
west  of  No.  1.  In  size  and  internal  arrangement  it  much  resem- 
bled No.  2,  i,  e.,  with  no  strata  of  shells,  but  with  several  layers 
of  stones,  with  loose  shells  between  them. 

After  some  five  feet  of  stones,  shells  and  earth  had  been, cleared 
away,  a  skeleton  was  exposed,  upon  which  .was  a  layer  of  six 
inches  of  hard  clay.  Upon  closer  examination  it  appeared  that 
the  bones  were  the  remains  of  two  skeleton^  for  several  ribs,  and 
pieces  of  skull,  and  four  thigh  bones,  lay  together  in  a  little  heap ; 
and  somewhat  to  the  side  of  them  were  a  few  bones  of  the  arm, 
some  ribs  and  a  lower  jaw.  Three  feet  further  to  the  NW  and 
at  the  same  level,  was  a  round  heap  of  stones  (about  four  feet 
high)  like  that  found  in  No.  4.  On  this  heap  lay  two  very  strong 
thigh  bones,  and  three  ribs,  placed  diagonally  across  each  other. 
There  were  also  a  Tew  bones  leaning  against  the  heap  at  one  side. 
Of  the  stones  some  were  partly  burned  to  lime,  and  all  showed 
more  or  less  the  marks  of  fire,  while  the  bones,  on  the  other  hand 
showed  not  the  slightest  trace  of  it.    (Plate  4,  fig.  5,  A.) 

A  few  pieces  of  charcoal  were  found  by  the  stones,  as  in  two 
previous  mounds,  and  the  heap  was  doubtless  an  altar  of  sacrifice. 

Four  or  five  feet  to  the  south  of  this  altar  was  found  a  large 
quantity  of  the  remains  of  human  bones,  in  complete  confusion, 
as  if  they  had  been  scattered  there.  Three  feet  further  south,  under 
a  layer  of  shells  six  inches  in  thickness,  were  found  two  broken 
pots,  one  fiint  arrowhead,  a  finely  wrought  stone  pipe  and  a  few 
stone  implements  (whetstones). 

Four  feet  further  south  lay  another  skeleton  from  east  to  west, 
and  six  inches  above  its  skull  a  copper  axe.  No.  11. 

In  this  mound  were  also  found,  some  incisors  of  small  rodents, 
canines  of  the  common  bear,  and  a  small  circular  piece  of  the 
human  cranium,  one  inch  in  diameter.  Coming  from  the  squamous 
portion  of  the  temporal  bone,  and  strongly  recalling  the  rondelles 
of  prehistoric  trepanning  exhibited  in  France  last  summer. 
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Mound  No.  6.  (Plate  3,  fig.  6.)  This  was  about  100  feet  SW  of 
No.  5.  It  was  smaller  in  circuit  and  lower  than  the  others, 
containing  fewer  stones,  but  more  shells.  The  skeletons  in  this 
lay  scarcely  three  and  a  half  feet  deep.  Here  again  the  bones  of 
the  same  parts  of  the  body,  and  of  the  limbs  lay  often  several  feet 
apart.  Those  of  only  one  skeleton  (or  at  most  two)  lay  in  natural 
order.  There  may  have  been  four  bodies  in  all,  but  it  was  impossi- 
ble to  settle  the  matter  definitely.  The  following  articles  were 
found  in  this  mound;  two  broken  pots,  a  car\'ed  stone  pipe,  a 
stone  knife,  and  a  flint  arrow  head. 

Mound  No.  7.  (Plate  4,  fig.  7.)  This  was  a  small  mound,  out 
of  the  line  of  the  others,  being  fifty  feet  west  of  No.  6.  It  was 
also  like  it  in  size,  but  differed  in  having  a  ^yer  of  stones  and 
under  that  a  thin  layer  of  shells. 

Three  and  a  half  feet  below  the  latter'  were  some  fragments  of 
bones,  almost  entirely  crumbled  to  dust,  and  two  pots,  one  broken 
the  other  almost  entire,  and  some  arrowheads. 

Mound  No.  8.  (Plate  4,  fig.  8.)  This  mound,  somewhat  larger 
and  higher  than  the  average,  was  distant  200  feet  south-west  of 
No.  6,  thus  being  in  the  general  line  or  range.  • 

After  four  and  one-half  feet  of  stone,  earth  and  shells  had  been 
removed,  two  skeletons  (supposed  to  be  those  of  an  adult  female 
and  of  a  child)  were  discovered.  They  lay  near  together  and 
from  east  to  west.  On  the  right  side  of  the  large  skeleton  were 
two  broken  pots,  eight  pieces  of  galena,  two  small  arrowheads,  and 
a  number  of  stones,  of  various  sizes,  shapes  and  colors,  which  were 
laid  in  a  Jagged  or  star-like  circle.  There  also  was  found  a  piece 
of  mica,  six  inches  long  and  three  and  one-half  inches  wide. 

Over  and  around  all  these  articles  was  a  loam  of  some  decayed 
material.  They  had  probably  been  surrounded  and  covered  with 
some  light  protecting  stuff,  as  was  most  plainly  to  be  seen  in  the 
case  of  the  pots. 

Mound  No.  9.  (Plate  4,  fig.  9.)  This  mound  was  about  100 
feet  N  by  W  of  No.  1.  This  had  been  reduced  both  by  cultivation 
and  hauling  away  the  dirt ;  over  two  hundred  wagon  loads  having 
been  t^en  away,  thus  reducing  the  original  height  by  three  or  four 
feet.    Near  the  present  surface,  a  few  shells,  and  also  a  few  Bea- 
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board  stones  were  found.  About  three  and  one-half  feet  down,  two 
skeletons  were  found  in  a  horizontal  posture,  lying  from  east  to 
west,  with  the  bones  much  decomposed,  the  skulls  were  about  four 

ft  

feet  apart,  one  east  and  the  other  west.  The  western  skull  was 
preserved  and  is  No.  8  of  the  Davenport  collection.  The  eastern 
skull  was  so  tender  that  it  fell  to  pieces  in  handling,  the  lower 
jaw  (which  was  in  place)  was  however  preserved,  and  is  much 
stalMCd  by  the  copper  axe  No.  12  (No.  6  of  the  photographs,  repro- 
duced as  PI.  1),  which  was  found  in  contact  with  it. 

A  carved  stone  pipe  was  found  between  the  bodies.  An  obsid- 
ian arrowhead,  flakes  of  the  same,  and  three  small  arrowheads 
of  white  chert,  were  found  in  close  proximity  to  the  eastern,  or 
stained,  skull.  A  small  tinted  arrowhead  was  also  found  two 
feet  nearer  the  surface.  One  earthen  pot,  much  broken  up,  was 
found  near  the  second  skull.  In  this  mound  was  also  found  the 
implement  made  from  the  coracoid  bone  of  a  river  turtle,  and 
probably  used  as  a  spoon,  or  rather  a  spatula  or  skimmer. 

In  several  of  these  mounds,  broken  pottery  was  found  scattered 
between  the  surface  and  the  deeper  parts,  where  the  bones  were 
found,  as  if  pots  had  been  placed  on  the  surface  of  the  mound,  as 
well  as  within. 

It  was  remarked  by  the  explorers  that  in  some  cases  of  horizon- 
tal burial  the  faces  of  the  bodies  were  downward. 

As  the  Rev.  Mr.  Gass  was  this  summer  (1875),  passing  by 
mound  No.  8,  he  noticed  that  the  earth  of  the  edges  of  the  exca- 
vation of  1874,  had  been  much  washed  by  recent  rains,  and  s%w 
protruding  therefVom,  the  curious  copper  implement,  shaped  like  a 
spoon,  which  will  be  described  further  along. 

DESCBIPnON  OF  THE  8EVEBAL  ARTICLES  FOUND  IN  THE  MOUNDS. 

SiLTEB.  The  only  ornament  of  silver  was  a  hollow  hemisphere 
of  beaten  plate,  of  seven-tenths  of  an  inch  in  diameter  (Plate  6, 
fig.  19),  found  in  company  with  two  hemispheres  of  copper,  of  the 
larger  of  which.it  is  an  exact  counterpart. 

On  the  suiface  of  the  spoon  shaped  implement  from  mound 
No.  8,  appears  a  surface  which  seems  coated  or  washed  with  silver. 

ft 

CoppEB.    The  Davenport  collection  of  copper  implements  at 
'present  consists  of  thirteen  copper  axes,^  of  which  six  are  more  or 

*  S{nce  the  above  was  read,  the  nmnW  of  copper  axes  baa  been  Increased  to  20. 
aU  of  which  are  represented  on  Plate  6. 
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less  covered  with  doth ;  four  copper  awls  or  borers ;  many  (over 
100)  copper  beads  ;  and  the  curiously  spoon-shaped  implement. 

The  axes  are  all  of  two  forms,  one  plano-convex,  the  other,  with 
flat  sides.  They  were  cold  wrought  by  liammering,  some  retaining 
the  original  scales  or  laminae  on  the  surface ;  none  of  them  show 
signs  of  use,  and  are  not  notably  harder  at  the  edge  than 
elsewhere. 

The  following  table  shows  their  source,  size,  shapes  and  weight. 
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Of  these  axes  Nos.  1,  2,  3,  4,  5,  and  12  (PI.  1),  are  more  or  less 
covered  with  cloth,  and  are  those  photographed.  Besides  these, 
Nos.  6  and  8  found  together  in  mound  No.  1,  were  also  covered 
with  cloth,  which  was  unfortunately  scraped  off,  when  being 
cleaned  of  dirt ;  this  fact  is  shown  by  the  small  patches  of  cloth 
which  have  escaped.  Of  the  four  copper  awls,  three  came  from 
mounds,  and  being  of  the  ordinary  kind  need  no  description. 
The  copper  ear-pendants  are  thin  hemispheres  of  beaten  plate 
(Plate  6,  figs.  20  and  21),  the  larger  of  eight-tenths  of  an  inch  in 
diameter,  and  of  thirty-four  grains  weight ;  the  smaller  of  one-half 

*  A  monnd  near  Princeton,  Scott  County,  Iowa. 

t  The  measurements  in  this  table  are  giren  in  inches.  ' 
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an  inch  in  diameter,  and  of  ten  grains  weight.  The  spoon-shaped 
copper  implement  which  came  from  mound  No.  3  (but  in  what 
relation  to  other  things  recovered  from  that  mound  is  not  known), 
has  evidently  been  produced  by  hammering,  but  from  some  marks 
on  the  surface,  not  from  an  original  piece  of  copper,  but  from  a 
small  bar  already  bearing  these  marks,  which  are  obliterated  in 
most  places  by  the  action  of  the  hammer.  Its  dimensions  and 
weight  are  as  follows: — Total  length,  82  millimetres,  length  of 
the  spoon  part  22"°» ;  breadth  of  handle  8°™,  breadth  of  spoon 
part  at  broadest  part  14""°*,  average  thickness  of  the  handle  2™°* ; 
thickness  of  point  of  spoon  part  1"™,  thickness  of  middle  part 
of  spoon  part  one-half  of  a  millimetre.  Total  weight  86  grains, 
and  it  appears  to  be  of  pure  copper.  On  one  side  of  the  handle 
nothing  but  the  marks  of  the  round  face  of  the  hammer  is  visible, 
but  on  the  other  a  seriei^  of  indented  lines,  in  rows  up  each  mar- 
gin for  the  distance  of  an  inch,  and  again  in  the  arc  of  a  circle 
just  at  the  junction  of  the  handle  and  broad  part ,^  similar  marks 
are  plainly  visible  with  a  lens.  This  ornamentation  is  like  the 
milling  on  the  edge  of  a  coin,  and  was  evidently  made  there  before 
the  article  was  hammered  to  its  present  shape.  Upon  the  same 
side  is  seen  a  spot  of  silver.     (Plate  6,  fig.  22.) 

The  copper  beads  may  be  divided  into-  three  classes.  1st,  small 
tubes  of  the  average  length  of  one  inch,  aad  of  the  average  weight 
of  sixteen  grains.  2nd  large  tubes  of  an  average  length  of  one 
and  one-half  inches,  and  of  an  average  weight  of  11*5  grains  ;  and 
3rd,  of  very  short  tubes,  almost  round,  averaging  three-tenths  of 
an  inch  long,  and  sixteen  and  one-half  grains  in  weight.  All  of 
these  beads  or  tubes  are  made  of  thin  strips  of  copper,  rolled  up 
after  having  been  beaten  out  thin  by  hammering.  (Plate  6,  figs. 
12,  13,  14,  15-,  1&,  17^  17a,  18,  and  18a.) 

Cloth.  These  interesting  and  undoubted  specimens  of  mound- 
builders'  cloth  have  been  preserved  by  the  antiseptic  action  of  the 
salts  of  copper,  in  all  probability  of  the  carbonates.  In  all  the 
specimens,  one  thread,  say  of  the  warp,  is  double  or  twisted,  and 
there  are  about  four  to  the  one-fourth  of  an  inch.  The  texture  of 
the  cloth  is  best  seen  on  both  sides  of  No.  12,  No.  6  of  the  pho'  »- 
graphs  (Plate  1) ;  here,  however,  in  many  places  the  original  veg> 
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table  fibres  have  entirely  disappeared,  their  forms  being  exactly 
retained,  and  their  places  taken  by  fibrous  crystals  of  the  car- 
bonate of  copper.  This  fact  is  quite  apparent  under  the  micro- 
scope, and  was  further  confirmed  when  upon  slightly  heating  a 
fragment  on  a  glass  slide,  the  whole  form  melted  away,  dissolved 
in  water  of  crystallization. 

In  No.  2  the  warp  is  evident,  and  consists  of  a  single  thread, 
not  so  tightly  twisted  as  that  of  the  woof.  The  cloth  on  this  axe 
appears  to  be  of  a  different  style  of  weaving,  there  being  only  two 
and  one-half  threads  of  the  warp  to  the  one-fourth  of  an  inch,  but 
it  may  be  that  it  is  only  the  wrong  side  of  the  cloth. 

The  fibre  under  the  microscope  appears  to  be  a  kind  of  hemp, 
jpossibly  the  Apocynum  cannahinum  formerly  used  by  the  Aztecs.^ 

The  thread  is  spun  evenly  and  of  a  pretty  uniform  diameter  of 
one  millimetre,  or  the  one  twenty-sixth  of  an  inch,  in  diameter, 
which  measurement  very  nearly  agrees  with  that  made  by  the 
late  Dr.  Wyman,  from  cord  marks  on  mound  pottery. 

Mica.  Besides  the  large  piece  of  6j^X4,  mentioned  above, 
quite  a  number  of  small  pieces  were  found. 

« 

Fifes.  The  pipes,  ten  in  number,  were  all  from  the  mounds 
below  Davenport,  with  one  exception,  and  that  came  from  a 
mound  in  Rock  River,  Rock  Island  County,  Illinois.  They  are 
all  of  the  so-called  mound  pipe  patterns,  and  three  of  them  carved 
with  effigies,  one  of  a  frog  (PL  1,  fig.  1),  another  of  a  bird,  and 
the  third  of  a  ground  hog  (PI.  1,  fig.  2). 

The  material  of  which  they  are  composed  varies  from  a  very 
hard  green  stone,  the  rough  varieties  of  catlinite,  or  an  approach 
to  it,  to  others  of  a  marley  nature,  effervescing  with  acids,  quite 
soft,  and  much  corroded  by  the  action  of  soil  winter. 

Galena  and  Red  Ochre.  The  masses  of  galena  and  red 
ochre  need  no  description  nor  comment,  except  perhaps  the  great 
quantity  of  the  latter  found  in  mound  No.  3. 

Shells.    Besides  the  ordinary  river  shells  constituting  the 

•  Since  fhe  above  was  read,  I  have  reoeiyed  fW)m  C0I..B.  A.  Robertson,  of  St.  Paul, 
Hinn.,  some  of  the  fibres  of  the  UrUca  gracttis,  which  he  suggests  jnay  have  been 
those  used. 
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layers  in  the  mound,  large  sea-shells  were  found ;  in  some  instances, 
only  the  axes  and  parts  of  the  inner  whorls  remain,  but  again  in 
others,  the  shells  were  found  nearly  as  they  were  fashioned  from 
the  original. 

The  shell  from  mound  No.  1  is  a  Pymla  perversa^  which  has 
been  cut  through  in  its  length,  about  an  inch  above  the  centre  of 
the  base,  and  the  axis  and  whorls  removed  ;  there  is  a  hole  of  an 
inch  in  diameter,  in  the  centre  of  the  base. 

This  shell  in  the  line  of  section  has  a  long  diameter  of  thirteen, 
and  a  transverse  of  seven  inches.  Its  internal  capacity  is  104 
cubic  inches,  nearly  four  pints. 

Another  fine  specimen  of  a  sea-shell  has  recently  come  into 
the  museum  of  the  Davenport  Academy,  from  a  mound  in  Pine 
Tree  Creek,  Muscatine  County,  Iowa,  twenty  miles  from  Daven- 
port. 

This  is  a  species  of  CasaiSy  and,  except  in  being  broken  across 
its  length,  is  a  perfect  specimen.  It  is  nrach  thinner  and  lighter 
than  the  Pyrvla^  but  whether  from  greater  age,  or  from  its 
original  thinness  was  not  made  out.  In  the  line  of  section 
it  has  an  extreme  length  of  nine  inches  and  a  breadth  of  six 
inches,  its  internal  capacity  is  of  152  cubic  inches  or  five  and 
one-half  pints.  The  greatest  length  of  the  shell  being  nine 
and  one-half  inches  with  a  width  of  six,  the  section  being  made 
very  near  one  side,  thus  giving  a  much  greater  depth  than  in 
the  Pyrula. 

Arrowheads  akd  Flakes.  The  arrowheads  found  with  the 
copper  axes  and  bones  at  the  mounds,  were  ten  in  number.  They 
were  of  the  usual  form  and  size,  with  exception  of  one  found  in 
mound  No.  9,  which  was  very  small,  only  1  X  i-  It  was  beautifully 
wrought  and  seems  now  as  if  just  out  of  the  hands  of  its  maker ; 
it  is  of  white  flint  or  chert. 

Most  of  the  others  differ  neither  in  form  nor  material  from 
hundreds  of  those  found  on  the  surface. 

However,  perhaps  another  exception  should  be  here  made  in 
favor  of  an  arrowhead  and  two  flakes  from  mound  No.  9,  of  a 
dark,  almost  black  material,  looking  like  glass  and  at  first  taken 
to  be  obsidian  from  its  marked  resemblance  to  other  arrowheads 
in  our  Museum  marked  obsidian  and  brought  from  Utah;  but 


809  B.      NATURAL  BISTORT. 

upon  applying  the  blow-pipe  flame  to  a  fragment,  it  proved  refrac- 
tory and  was  thought  to  be  a  smoky  quartz.^ 

Bones  and  Teeth  of  Animals.  In  mound  No.  2  was  found, 
what  was  called  **a  string  of  snake  bones,"  being  the  remains  of 
a  small  snake,  which  may  have  been  introduced  accidentally,  as 
there  is  no  evidence  of  their  having  been  strung  on  a  thread  like 
beads. 

The  lower  jaw,  and  also  detached  incisors  of  muskrats  and  other 
small  rodents,  probably  gophers  and  ground  squirrels,  were  quite 
abundant,  as  also  were  the  tips  of  horns. 

'  In  one  mound  was  found  the  enamel  from  the  incisors  of  a  bear, 
but  the  rest  of  the  teeth  were  entirely  gone.  Adherent  to  the 
inner  surfaces  of  the  fragments  of  some  of  the  large  pots  or 
vases  were  bones  of  the  river  turtle,  from  whose  shoulder  blade 
the  curious  spatula  found  in  mound  No.  9  was  made.  This  is  a 
ft'agment,  the  rounded  part  of  the  coracoid  bone  having  been 
broken  off,  it  is  four  inches  long  by  one  and  one-half  inches  wide.  It 
was  doubtless  used  as  a  spatula  or  skimmer.  Many  teeth  of  the 
common  black  bear  were  found,  both  molars  and  incisors  of  the 
latter,  some  of  large  size  were  polished  and  perforated,  doubtless 
for  using  as  ornaments. 

In  this  connection  (though  found  in  one  of  the  mounds  at 
Albany,  Illinois)  may  be  mentioned  the  curious  specimen  of 
what  appears  to  be  the  canine  tooth  of  a  large  bear  (the  grizzly)  ; 
from  its  perforation  and  highly  polished  surface,  it  has  evidently 
been  used  as  an  ornament.  It  appears  to  be  the  half  of  a  tooth, 
the  section  made  longitudinally  through  the  middle.  The  out- 
side presents  exactly  the  appearance  of  a  natural  tooth  with  the 
enamel  removed  or  worn  off;  but  regarded  upon  the  other  side, 
the  great  size  of  the  cavity,  and  its  running  up  to  the  extreme 
end  of  the  tooth  gives  the  idea  of  a  false  tooth  made  from  a  long 
bone.  Since  the  above  was  written  a  small  section  was  taken 
out,  and  upon  examination  under  the  microscope,  the  substance 
proved  to  be  bone  and  not  dentine. 

This  false  tooth  has  a  length  of  five  and  a  width  of  one  and 
one-fourth  inches ;  it  has  four  holes  "Bear  the  middle  of  the  convex 

*  Since  the  abore  was  written,  we  have  enoceeded  In  melting  the  edges  of  these 
specimens,  thus  showing  them  to  be  obsidian. 
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edge,  evidently  for  suspension ;  at  the  fang  end  ar«  two  rows  of 
holes  (not  bored  entirely  through)  one  five  and  the  other  six  in 
number ;  at  the  opposite  end  the  site  of  the  enamel  is  marked  out 
by  a  curved  line  engraFed  about  a  line  in  depth. 

FoTTERT.  Besides  fragments  in  nearly  every  one  of  the  mounds, 
at  least  two  pots  were  found  near  the  bottom  in  company  with  the 
bones  and  other  relics. 

Only  one  pot  was  received  entire  and  this  was  from  mound  No. 
7,  which  contained  besides,  only  the  fragments  of  another  pot, 
an  arrowhead  and  some  human  bones. 

This  pot  is  of  a  reddish  color  not  glazed,  of  rude  workmanship, 
and  evidently  made  by  hand ;  the  bottom  is  not  level,  nor  the  top 
rim  truly  circular.  Its  dimensions  are  as  follows:  height  5j 
inchea,  diameter  of  bottom  2^  inches,  upper  margin  elliptical, 
with  a  major  axis  of  5^  and  a  minor  of  5  inches. 

The  ornamentation  consists  of  a  crenated  margin,  then  below  a 
ring  or  protection  corresponding  to  a  series  of  holes  on  the  inside, 
both  made  by  indentation  from  within.  The  neck  of  the  vessel 
is  contracted  and  marked  by  a  girdle  of  vertical  indentations, 
each  an  inch  long  and  close  together.  The  internal  capacity  is 
seventy  cubic  inches  or  about  two  and  one-half  pints.  One  of 
the  two  larger  vases  with  bbnes  of  the  turtle  adherent,  found  in 
No.  3  mound,  in  close  connection  with  the  five  cloth  covered 
axes,  has  been  nearly  restored  by  the  patient  labor  of  our  curator, 
Mr.  W.  H.  Pratt.  Its  description  is  as  follows ;  thickness  {  inch, 
height  11  inches,  diameter  of  rim  7j^,  diameter  of  base  4  inches, 
circumference  of  rim  24j^  inches,  of  base  13  inches,  of  neck  23 
inches,  of  bulge  or  greatest  circumference  26  inches;  internal 
capacity  325  cubic  inches,  about  1  gallon  and  3  pints.  Orna- 
mentation rude,  from  rim  to  neck  small  indentations,  with  a  rim 
of  large  knobs  or  protuberances  corresponding  to  holes  on  the 
inside ;  on  upper  part  of  the  body,  rings  and  rude  figures  made 
by  a  blunt  point. 

A  few  fragments  of  pottery  were  found  where  the  impressions 
were  made  by  a  string  or  thread;  these  when  copied  in  gutta 
percha  were  found  to  be  of  two  kinds,  i.  6.,  from  single  and  from 
double  twisted  threads.  The  impressions  were  in  small  triangular 
divisions  separated  from  each  other  by  rows  of  holes,  and  it  was 
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not  easy  to  discover  any  mode  by  which  they  could  have  been 
made. 

The  most  canons  and  interesting  specimen  of  pottery  in  the 
Davenport  collection  is  a  terra-cotta  ring  or  pulley,  which  nearly 
resembles  the  stone  one  described  and  figured  by  Mr.  Rau,  in  his 
article  on  ^^ Stone  Drilling  Without  Metal"  (Smithsonian  Report, 
1868),  the  original  of  which  is  in  the  Blackmore  Museum.  (Flint 
Chips,  p.  511). 
The  following  is  a  brief  description  of  this  article : — 
Color  almost  black,  fhicture  dark  gray,  white  spots  effervesce 
with  acid  (probably  pounded  shells),  well  baked,  greatest  diameter 
m  inches,  thickness  at  outer  margin  f  inch,  diameter  of  central 
aperture  |  inch,  thickness  at  edge  of  the  aperture  ^  inch.  Depth 
of  the  groove  ^  inch,  width  I  inch.  From  this  groove  eight 
holes  pass  to  the  central  opening;  they  are  not  quite  straight 
probably  from  having  been  warped  in  the  baking.  The  stone 
specimen  figured  by  Mr.  Rau  is  over  two  inches  in  diameter,  and 
the  central  aperture  is  larger,  but  otherwise  the  implements  are 
very  much  alike. 

HuMAK  Bones.  Near  the  surface  of  mound  No.  8,  were  found 
some  bones,  quite  fresh  and  accompanied  by  a  fire  steel,  a  clay 
pipe  and  glass  beads.  Evidently  an  intrusive  burial  of  a  compar- 
atively recent  period. 

Two  of  these  bones  are  preserved  in  the  Davenport  Museum, 
on  account  of  their  strange  mutilation ;  a  femur,  which  has  been 
cut  across  its  lower  end  by  repeated  blows  of  a  sharp  cutting 
instrument ;  and  a  tibia,  frx>m  which  a  slice  of  bone  has  been  taken 
out  by  a  glancing  blow  from  the  same. 

Of  the  bones  found  at  the  bottoms  of  the  mounds,  very  few 
were  preserved,  as  th^y  were  so  fragile  as  to  crumble  away  upon 
being  handled. 

In  this  respect,  presenting  quite  a  marked  contrast  with  the 
condition  of  the  bones  got  frx)m  the  mounds  of  Albany,  Illinois, 
by  our  Academy  in  1878. 

Besides  a  diflterence  of  age,  the  difference  of  the  two  sites  might 
account  for  it.  The  Albany  mounds  being  on  a  high  ridge  with 
good  drainage  and  composed  of  a  sandy  loam,  while  the  Davenport 
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mounds  are  but  a  few  feet  above  high-water  mark,  have  no  drainage 
and  are  of  allavial  soil. 

From  mound  No.  2,  with  copper  axes  and  copper  beads^^  we 
have  two  fragments  of  skulls,  each  being  the  frontal  bone,  with  the 
nasal  bones  attached,  nothing  of  the  shape  of  the  skull  can  be  in- 
ferred from  them,  but  both  indicated  a  very  highly  arched  nose. 
From  mound  No.  9  was  recovered  a  skull,  in  connection  with 
copper  axe  No.  12,  which  is  in  a  prett^^  good  state  of  preservation. 
Its  measurements  are  given  in  the  following  table,  together  with 
the  corresponding  measurements  of  a  mean,  or  average,  of  three 
Sioux  crania,  from  Indians  who  died  in  captivity  in  Davenport ; 
of  nine  crania  from  the  Albany  mounds ;  of  eleven  crania  from 
Bock  River  Mounds ;  and  of  four  from  a  mound  in  Henry  County, 
Illinois. 

TABLE  B. 
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Mean  of  three 
Sioux. 

aout 

7M 

6.1 

TIM 

2.0  t 

0.284  t 

Mean  of  nine, 
Albany. 

19.8 

6.8 

6.1 

68.00 

2.3  t 

OJSSit 

Mean  of  eleven, 
Bock  Biyer. 

20.16 

7.0 

6.4 

74.48 

24)  t 

0.286  t 

Mean  of  four, 
Henry  Co.,  Bl. 

ISA 

7.0 

6.S 

74.47 

2.14  t 

0.805  t 

One, 
Darenport. 

19Ji 

7.0 

6S& 

76.20 

1.81 

0.269.t 

0.726 


0.768 


0.771 


0.743 


0.762 


•The  measurements  are  given  in  inches. 

fin  cubic  inches. 

X  Not  reliable,  for  correct  measurement  see  Table  C. 
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TABLE  a 

MEASUBEME5T8  OF  MOUXD  SKULLS;  ALSO  OF  SIOCX  SKULLS,  IN 

DBCIMALS  OF  A  METBB. 

rOSAMIVAL  D&STAKCB  TAKBT  VITH  WTMAS*9  TSWTKmEXT, 
niBRXFORB  MOm  BP.f4M.«  IHAJT  IVOSB  DC  TABLB  B. 


■a 

e« 

Ik      « 

sip 

1 

■ 
Ik  at 

NO. 

0  C 
X  E 

25 

1" 

II 

*  C 

n 

0    < 

2  K 

<  < 

XOUXIM. 

4 

s 

Ss 

S    8 

©  5 

2 

«5 

1 

J^W 

.800 

.180 

.140 

1190 

J600  I  AlhtMj,  ni. 

9 

.488 

J08 

.128 

J40 

1190 

jftia 

-W*  i 

JW  ,  AlUany,  lU. 

8 

.41ift 

.174 

.130 

.135 

1090 

.077 

.448 

.738      Albany.  111. 

7 

.508 

.170 

.140 

.185 

ies  i  AllHUiy,  lU. 

6 

.4i« 

.175 

.135 

.140 

1849 

.065 

STO 

.771  1  Davenport,  Mound  Ko.9. 
.818  i  Rock  River.  III. 

0 

OMM 

.171 

.140 

.140 

1334 

.06tt 

.368 

10 

.508 

.m 

.146 

.140 

1135 

.•70 

.419 

JMS  >  Rock  River,  111. 

11 

.5;» 

.180 

.150 

.145 

1368 

.SO     Rock  River.  IlL 

ii 

.4A7 

.1H7 

.188 

.140 

1021 

.706     Rock  River.  IlL 

18 

Mi 

.185 

.130 

.150 

1808 

.069 

.427 

.708     Rock  River,  111. 

14 

.483 

.171 

.1.S8 

.140 

1198 

.079 

460 

.807      Henry  County.  HI. 

lA 

JMM 

AM 

.138 

.145 

1306 

.061 

.443 

.745     Heurr  County,  111. 

Id 

.457 

.170 

.130 

.140 

11.S5 

.078 

.446 

.764 

Henry  County,  111. 

17 

ASS 

.185 

.135 

.140 

1849 

.078 

.380 

.730 

Henry  Countv,  IlL 
Rock  River,  Jli. 

IK 

.508 

.180 

—  — 

.140 

10 

J^ 

.IM) 

.140 

.140 

.704 

Rnck  River,  IlL 

SO 

.200 

.128 

,i_ 

_M 

.640 

Rock  River,  lU. 

81 

.180 

.187 

..— . 

.761 

Henry  County,  HL 

sa 

.178 

.140 

.140 

.078 

.410 

•TSO 

Albany,  IIL 
Rock  River,  IR. 

u 

—  .. 

.184 

.138 

.150 

.088 

.478 

.755 

»i 

.8(K) 

, 

Shell  Bed,  Rock  Island. 

tt7 

.489 

.170 

.185 

.140 

•86 

.076 

.388 

.735 

Albany,  111. 

M 

.177 

.135 

.140 

.702 

Albany.  IlL 

)iU 

.507 

.177 

.130 

.145 

1137 

.068 

440 

.734 

Albany,  III. 

JMS 
18 

.170 
84 

.134 
82 

.140 

1188 

.075 

.438 

.735 

Mean. 

81 

15 

14 

14 

sa 

No.  of  skulls  measured. 

SIOUX  SEQLLS. 


1 
9 
8 


.580 

.Ma 

.507 
.618 


.180 
.183 
,177 

.136 
.140 
.136 

.138 

8 

.180 
8 

.148 
.150 
J40 

1819 
1284 
1284 

.065 
.077 
.088 

416 
415 
.463 

.766 
.765 
J68 

)  Died  la  ca|>tiv4ty 
>    at  Davenport, 
f           Iowa. 

.145 

1856 

.061 

.431 

.766 

Mean. 

8 

8 

8 

3 

8 

Mo.  of  skulls  measured. 

• 

The  next  table  shows  the  comparative  measurements,  in  decimals 
of  a  meter,  of  sevon  tibios  of  mound-builders,  and  of  one  Indian 
tibia,  being  the  mutilated  bone  previously  mentioned  as  coming 
Arom  the  surfooe  of  mound  No.  3. 
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Diseases.  Evidence  of  the  prevalence  of  syphilis  was  quite 
common  in  the  form  of  nodes.  One  skull  from  an  Albany  mound 
was  of  so  great  a  weight  and  thickness,  and  also  in  such  an 
extraordinary  state  of  preservation,  among  others  so  light  and 
easily  broken,  as  to  suggest  the  idea  of  the  individual  having  been 
afflicted  with  rickets  during  life. 

If  the  rondelle  of  bone  found  in  mound  No.  5,  which  evidently 
came  from  the  squamous  portion  of  the  temporal  bone,  was  re- 
moved during  life,  it  would  indicate  the  existence  of  the  practise*  of 
trepanning,  already  known  to  have  been  practised  by  the  pre- 
historic men  of  Europe ;  the  finding  at  some  future  period  of  a 
cranium  having  a  perforation  with  a  healed  edge  would  settle  the 
question. 

But  the  most  singular  manifestation  of  disease  was  found  in  the 
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cervical  vertebrfie,  shown  in  a  peculiar  roughening  of  the  articular 
surfaces,  and  also  by  a  true  or  bony  anchylosis  of  these  points. 

It  was  first  noticed  in  a  dentata,  or  second  cervical  vertebra, 
found  in  a  mound  in  Rock  River,  111.  Here  the  lower  articular 
surface  on  the  left  side  was  affected.  This  was  thought  to  be  the 
accidental  product  of  disease  or  injury,  until  in  looking  over  some 
vertebrae  firom  the  mounds  at  Albany,  HI.,  another  second  cervical 
vertebra  was  found,  with  the  same  surface  (the  lower  one  on  the 
left  side)  affected. 

In  a  third  instance,  fW>m  a  Rock  River  mound,  the  second,  third 
and  fourth  cervical  vertebrse  we're  firmly  united  together,  and  the 
disease  must  have  extended  yet  ftirther  down,  as  the  lower  articu- 
lar surface  of  the  fourth  shows  where  it  was  united  with  the  fifth  ; 
how  much  Auther  the  disease  extended  is  not  known,  as  the  other 
bones  were  lost. 

In  a  fourth  case,  also  from  a  Rock  River  mound,  the  second, 
third  and  fourth  vertebrse  were  affected,  the  articular  surface 
roughened,  and  some  united  together  by  bony  anchj^losis;  here 
again  the  disease  extended  below  this,  but  the  bones  were  lost. 

In  all  these  cases,  the  skeletons  were  those  of  adults,  indeed 
one  was  of  extreme  old  age,  as  shown  by  the  loss  of  the  teeth  and 
of  the  alviolar  processes. 

In  no  case  were  any  signs  of  disease  found  in  the  cranium,  or 
indeed  in  any  other  bones  than  the  cervical  vertebrae. 

This  is  certainly  not  a  common  disease  now,  and  although  rare, 
the  instances  of  cure  by  bony  anchylosis  (the  only  way  in  which 
a  true  cure  can  take  place)  are  even  yet  more  rare,  Nelaton,  in 
his  ^^  Pathologic  Chirurgicale"  has  only  been  able  to  note  twenty- 
five  recorded  cases  of  such  an  event. 

Now  as  the  space  of  one  year  is  the  shortest  possible  time 
allowed  by  authorities  for  such  a  cure  to  take  place,  and  as  during 
all  this  time  the  parts  must  be  kept  absolutely  at  rest  and  the 
person  so  afilicted  being  entirely  helpless,  the  inference  is  a  strong 
one,  that  these  people  were  not  in  a  savage  state.  They  must 
necessarily  have  been  in  such  a  state,  in  the  progress  of  advance- 
ment in  civilization,  as  to  be  possessed  of  an  accumulation  of  food, 
the  requisite  leisure  of  persons  nursing  the  sick,  and  of  dwellings 
BuflSciently  comfortable  to  protect  them  from  inclemency  of  the 
weather  in  this  latitude;  without  those  elements  of  civilization 
those  persons  would  inevitably  have  perished. 
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General  Rebiarks.  The  following  few  general  observations 
may  perhaps  be  hazarded. 

An  examination  of  the  condition  of  the  edges  and  surfaces  of 
the  different  copper  axes,  will  show,  I  think,  that  none  of  them 
could  ever  have  been  used  as  implements ;  thus  affording  another 
strong  argument  in  support  of  the  theory  which  places  most  of 
the  copper  articles  taken  from  the  mounds  in  the  category  of  orna- 
ments, or,  perhaps,  more  strictly  speaking  of  treasures,  than  in  that 
of  tools.  The  wrapping  of  some  of  these  so-called  axes  in  a 
perfect  envelope,  or  sack  of  cloth,  would  be  another  indication  of 
their  being  regarded  as  treasures.  The  terrarcotta  pulley  was  no 
doubt  used  in  a  bow-drill,  as  suggested  by  Mr.  Rau  in  his  article 
on  stone  drilling  without  metal.     (Smithsonian  Report,  1868). 

The  false  grizzly  bear's  tooth  seems  to  point  to  a  somewhat  ad- 
vanced state  of  civilization,  certainly  of  art ;  for  people  use  natural 
ornaments  such  as  gems,  etc.,  long  before  they  are  prompted  by 
an  improved  taste,  or  are  skilled  enough  in  the  arts,  to  imitate 
them. 

EXPLANATION  OP  PLATES. 

Platb  I.      Copper  Axe  wrapped  in  Cloth,  natural  size,  from  Mound  No.  9. 

PiATB  II.  Pipes ;  the  upper  figure  represents  the  pipe  found  in  Mound  No.  8,  and  the 
lower  figure  one  found  in  Mound  No.  I. 

Plate  III.   Sections  of  Mounds. 

Plate  rv.  Sections  of  Mounds.  In  those  plates  the  numbers  of  the  flgrures  corres- 
pond to  those  of  the  mounds.  Two  mistakes  are  to  be  noted.  In  plate 
III,  fig.  2,  the  artist  has  drawn  five  skulls  and  skeletons,  when  there 
should  be  eight.  Also,  the  engraver  has  fiiiled  to  reproduce  the  layers 
of  clay  in  any  of  the  mounds,  though  he  has  it  in  the  legend. 

Plate  V.  Copper  Axes.  The  numbers  of  the  figures  correspond  to  those  of  Table  A. 
The  first  IS  are  those  of  that  table;  the  remaining  7  are  axes  obtained 
since  the  Detroit  meeting,  and  Arom  mounds  near  Toolsboro,  Louisa 
Co.,  Iowa.  AU  are  one-fourth  the  natural  size.  Some  of  these  latter 
axes  had  a  covering  of  cloth,  notably  No.  16,  as  shown  in  the  plate. 

Plate  VI.    Various  Copper  Implements. 

Figs.  1, 2, 8, 4,  6, 6,  7, 8, 9, 10, 11,  are  copper  awls,  or  hair-pins  (the  latter 

with  bent  ends),  one-half  the  natural  size. 
Fig.  12.   Large  copper  bead,  length  1^  inches,  weight  115  grains. 
Figs.  18, 14, 19.    Medium  sized  beads,  length  1  Inch,  weight  16  gp^ins. 
Figs.  16,  17,  17»,  18,  18».    Small  beads,  length  three-tenths  of  an  inch, 

weight  12i  grains;  all  of  the  natural  size,  and  ttom  Mound  No.  8. 
Fig.  19.    Silver  ear  pendant,  weight  18}  grains. 
Figs.  80,  21.   Copper  ear  pendants,  weight  10  and  84  grains;  all  of  the 

natural  size  and  Arom  Mound  No.  2. 
Fig.  22.   Spoon-shaped  implement,  weight  86  grains;  of  the  natural  size, 

and  firom  Mound  No.  8. 
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The  Ancient  men  of  the  Great  Lailes.    By  Henrt  Gillman, 
of  Detroit,  Mich. 

▲BSniACT. 

In  former  papers,  in  placing  upon  record  some  of  the  more  im- 
portant of  the  discoveries  of  the  writer  relating  to  the  ancient 
inhabitants  of  the  region  of  the  Great  Lakes,  find  especially  when 
dwelling  .on  the  remarkable  knowledge,  enterprise,  and  patient 
endeavor  displayed  in  the  works  of  the  ' '  Ancient  Miners "  of 
Lake  Superior,  it  has  not  been  neglected  to  call  attention  to  the 
point  that  we  have  here  to  deal  with  a  people  differing  essentially 
from  the  North  American  Indian,  as  we  have  ever  known  him. 
In  discussing  some  of  the  leading  facts  lately  revealed  at  Isle 
Royale,  the  identity  with  the  Mound-builders  of  the  men  who 
carried  out  those  vast  undertakings  to  a  successful  issue,  was  de- 
duced. It  may  be  added  that  this  conclusion  would  still  seem  to 
be  the  most  satisfactory  solution  of  the  questions  involved,  and 
will,  doubtless,  become  the  generally  received  opinion,  unless  an 
unanticipated  overwhelming  array  of  opposing  facts  should  be 
disclosed. 

We  would  now  present  a  brief  summary  of  our  later  discoveries, 
and  without  unnecessarily  dwelling  on  those  to  which  we  have 
already  given  publicity  in  various  scientific  directions,  adding  such 
inferences  as  seem  to  be  naturally  suggested. 

The  Great  Mound  on  the  River  Rouge  near  its  junction  with 
the  Detroit  River,  has  proved  a  fruitful  source  of  relics  of  the 
most  valuable  description.  Some  flattened  tibiae  here  exhumed  by 
the  writer  first  called  attention  to  the  fact  of  platycnemism  being  a 
characteristic  of  our  Northern  Aborigines.  Up  to  that  time,  in- 
deed, the  word  platycnemism  (first  used  by  Prof.  Busk)  had  not 
found  a  place  in  even  our  scientific  literature.  Some  of  those 
flattened  bones  sent  by  me  to  the  Peabody  Museum  at  Cambridge, 
at  once  attracted  the  attention  of  the  accomplished  Wyman,  he 
making  them  the  subject  of  a  lecture  before  his  class  at  Harvard, 
in  the  winter  of  1869. 

But  it  was  more  than  the  discovery  of  merely  this  interesting 
peculiarity  pertaining  to  the  ancient  men  of  our  region ;  this 
flattening  of  the  leg-bone  was  of  a  degree  unheard  of —  I  might 
almost  say  undreamt  of —  in  any  other  part  of  this  country  or  of 
the  world.    In  many  of  the  more  extreme  cases  of  those  flattened 
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tibiae  with  sabre-like  curvature,  which  I  had  exhumed  at  the  Rouge, 
the  transverse  diameter  was  only  0.48  of  the  antero-posterior, 
less  than  half,  while  in  that  most  marked  and  isolated  case  re- 
corded by  Broca,  from  the  cave  at  Cro-Magnon,  France,  it  was 
0.60.  In  the  chimpanzee  and  gorilla  the  compression  is  0.67. 
Shortly  afterward  even  this  extreme  degree  of  this  compression 
was  cast  in  the  shade  by  my  bringing  to  light,  from  a  mound  on 
the  Detroit  River,  rich  in  relics,  among  a  number  of  the  flattened 
tibise,  two  specimens  of  this  bone  in  which  the  latitudinal  indices 
were  respectively  0.42  and  0.40.  These  remarkable  instances 
were  noticed  in  the  "  American  Naturalist,"  not  long  subsequently, 
under  the  heading  —  "  The  flattest  Tibia  on  record."  Further,  it 
is  rare  to  find  in  the  mounds  mentioned,  a  tibia  without  this 
peculiarity,  and  then  it  is  manifestly  of  later  burial,  and  of  less 
antiquity;  while  in  other  (southern)  parts  of  the  country  the 
flattening  has  been  estimated  as  pertaining  to  only  about  one-third 
of  the  mound-tibiae. 

It  is  worthy  of  note  that' from  the  same  mound  on  the  Detroit 
River,  from  which  were  exhumed  the  flattest  tibiae,  were  also  taken 
several  crania,  of  which  one  (though  evidently  adult)  presented 
the  hitherto,  I  think  I  may  sa}^  unprecedented  feature  of  its 
capacity  being  only  flfly-six  cubic  inches.  The  mean  given  by 
Morton  and  Meigs  of  the  Indian  cranium  is  eighty-four  cubic 
inches,  the  minimum  being  sixty-nine  cubic  inches.  This  cranium 
forwarded  with  other  relics  to  the  Peabody  Museum,  presents 
(though  in  nowise  deformed)  the  further  peculiarity  of  having  the 
ridges  for  the  attachment  of  the  temporal  muscles  only  .75  of  an 
inch  apart ;  it  in  this  respect  resembling  the  cranium  of  the  chim- 
panzee. It  is  rarely  that  in  human  crania  those  ridges  approach 
each  other  within  a  distance  of  two  inches,  while  they  vary  from 
that  to  four  inches  apart. 

My  discovering,  a  few  years  afterward,  the  remarkable  series  of 
tumuli  at  the  St.  Clair  River  and  Lake  Huron,  farther  extended 
the  area  over  which  platycnemic  man  had  originally  ranged. 
Here,  though  not  to  the  extreme  noted  on  the  Detroit  and  Rouge 
Rivers,  the  flattening  of  the  tibia  was  most  decided.  But  for  full 
particulars  of  the  investigation  of  this  important  field,  I  must  re- 
fer to  the  "  Sixth  Annual  Report  of  the  Peabody  Museum  of 
Archaeology  and  Ethnology,"  or  to  the  "  American  Journal  of  Arts 
and  Sciences"  for  January,  1874,  which  gives  nearly  m  full  the 
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writer^s  account,  with  an  introduction  from  the  pen  of  the 
lamented  Jeffries  Wyman.  This  area  was  again  further  extended 
by  my  lately  (1874)  finding  the  tibiee  fh)m  an  ancient  mound  on 
Chambers  Island,  Green  Bay,  marked  by  the  peculiar  flattening. 

In  all  those  mounds  I  find  that  the  femora,  at  the  upper  end  of 
the  shaft,  also,  frequently  present  a  compression,  though  to  a  much 
slighter  degree  than  that  observed  in  the  tibitt.  The  same  peculi- 
arit}^  has  been  noticed  by  Busk  in  the  ancient  Welsh  interments,  a 
point  not  to  be  overlooked  in  considering  this  characteristic  of 
the  bone.  With  a  few  exceptions,  in  all  the  mounds,  also,  were 
found  such  relics  as  stone  implements,  pottery,  mica,  ornaments 
(necklaces)  made  of  perforated  teeth,  shell,  and  small  bones,  as 
well  as  not  unskilfhlly-wrought  beads  of  copper,  an  implement  of 
the  same  metal  being  occasionally  exhumed. 

Of  the  more  important  of  our  collections  in  this  branch  of 
science,  belonging  to  the  Detroit  Scientific  Association,  those  pre- 
sented by  Mr.  D.  F.  Henry  are  deserving  of  special  mention. 
They  consist  of  a  variety  of  objects  obtained  from  the  ancient 
mound  on  Chambers  Island,  in  Green  Bay,  Wisconsin,  and  era- 
bracing  the  crania  and  other  bones  of  man,  pottery,  stone  imple- 
ments, and  a  copper  knife.  This  last  object  is  of  the  pointed 
pattern  usually  found  among  the  relics  of  the  Mound-builders,  and 
is  formed  simply  by  being  beaten  into  shape,  apparently  without 
Ihe  agency  of  fire.  Not  a  vestige  remained  of  the  handle,  which, 
probably  had  been  madQ  of  wood,  and  had,  it  is  presumed,  long 
previously  decayed.  Small  portions  of  a  rude  sort  of  leather, 
the  prepared  hide  of  some  unknown  animal,  adhered  to  the  blade 
through  the  action  of  the  oxidation,  which,  doubtless  had  also  the 
effect  of  preserving  those  fragments.  These  are,  unquestionably, 
the  remnants  of  the  sheath  which  once  protected  this  (to  those 
aboriginal  men)  valuable  tool. 

The  compression  of  the  tibia  known  as  platycnemism,  though 
not  possessed  by  the  Chambers  Island  specimens  approaching  to 
the  degree  which  I  find  in  my  specimens  from  the  Rouge  and 
Detroit  Rivers,  and  though  somewhat  exceeded  by  similar  speci- 
mens which  I  have  taken  from  the  mounds  of  the  St.  Clair  River,  is 
yet  exhibited  by  them  slightly  in  excess  of  such  bones  from  other 
(more  southerly)  parts  of  the  country  as  given  by  Wyman.  The 
last  mentioned  present  about  the  flatness  of  the  ancient  bones  from 
Denbighshire,  Wales,  as  given  by  Busk,  which,  in  turn,  are  much 
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flatter  than  the  modem  English  tibiae.  The  mean  latitudinal  in- 
dex of  four  well-preserved  tibiae  from  the  Chambers  Island  mound 
is  .588  ;  while  their  mean  perimetral  index  (denoting  the  bulk  or 
build  of  the  bone)  is  .205.  In  nine  specimens  from  the  Detroit 
and  Rouge  Rivers  the  mean  latitudinal  index  is  .486  ;  the  perime* 
tral  index  equalling  .185 ;  while  in  that  extreme  case  from  the 
Rouge  the  latitudinal  index  is  .402. 

I  find,  as  I  have  elsewhere  stated,  that  in  the  ancient  tibiae  from 
our  American  mounds  the  slenderness  of  the  bone  appears  to  be 
related  in  some  degree  to  the  flatteniug ;  i.  e.,  the  more  platycne- 
mic  they  are  (taking  the  means),  the  more  slender  is  the  build. 
In  individual  instances,  however,  this  does  not  hold  good.  Nor, 
singular  to  say,  can  it  be  said  of  the  modem  English  tibiae,  which, 
perfectly  exempt  from  this  compression^  are  yet  not  so  bulky  as 
the  old  tibiae  from  Wales,  but  in  respect  to  build  occupy  a  place 
between  the  ancient  tibiae  from  the  Detroit  and  Rouge  Rivers,  and 
those  from  the  St.  Clair.  Otherwise,  and  to  judge  from  the  Amer- 
ican specimens  which  have  come  before  me,  we  might  conclude 
that  platycnemism  was  accompanied  by  a  reduction  in  the  bulk  of 
the  bone,  a  sort  of  thinning  out  of  it,  if  I  may  use  the  expres- 
sion. As  I  have  elsewhere  considerably  dilated  on  this  pecu- 
liarity, developed  in  our  region,  as  I  have  stated,  to  an  extreme 
unknown  in  any  other  part  of  the  world,  and,  in  a  paper  printed 
in  the  Smithsonian  Report  for  1873,  give  with  other  matter  a 
series  oT  tables  on  this  subject,  which  I  have  carefblly  prepared 
from  my  original  observations,  I  must  here  be  content  with  this 
simple  reference. 

It  is  of  moment  to  note  that  I  find  associated  with  this  platyc- 
nemism along  the  Detroit  and  Rouge  Rivers,  the  perforation  of 
the  humerus.  I  allude  to  that  peculiarity  of  the  arm-bone  in 
which  is  presented  a  communication  of  the  two  fossae  at  its  lower 
end.  It  is  difficult  to  arrive  at  the  amount  of  the  percentage  to 
which  this  prevails  in  these  mounds ;  though  I  consider  that  at 
least  fifty  per  cent,  of  the  humeri  are  of  this  character.  This  is 
of  interest,  as  being  in  excess  of  that  from  the  mounds  in  other 
parts  of  the  country,  where  it  is  calculated  as  being  only  31  per 
cent.  It  is  a  characteristic  which,  significantly  enough,  exists  in 
the  ape,  pertains  to  the  negro  in  large  degree,  and  is  occasionally 
found  in  the  Indian,  while  it  is  very  rarely  encountered  in  any  of 
the  white  races.    In  a  letter  received  last  year  from  Prof.  Busk, 
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F.  R.  S.,  he  attaches  importance  to  my  discovery  of  its  being  a 
peculiarity  of  plat^xnemic  man,  and  states  that  he  does  not  think 
such  a  coincidence  has  been  noticed  elsewhere.  At  any  rate  it 
has  not  been  heretofore  so  absolutely  established.  I  also  find  in 
the  Rouge  mound  transitional  states,  if  I  may  so  call  them ;  that 
is,  instances  in  which  the  communication  between  the  fossae  is  not 
quite  completed,  the  dividing  wall  being  reduced,  in  some  cases, 
to  a  very  thin  partition,  almost  transparent.  Even  where  the  per- 
foration is  accomplished,  there  is  a  great  variation  in  the  size  and 
shape  of  the  aperture. 

Of  six  crania  from  the  Chambers  Island  mound,  four  are  dis- 
tinctly brachycephalic ;  the  remaining  two  would  fall  within  the 
orthocephalic  range ;  but  the  mean  of  the  entire  number  would 
place  them  under  the  brachycephalic  category,  the  latitudinal  or 
cephalic  indei  being  '817.     The  mean  altitudinal  index  is  'TIS, 
thus  conforming  to  the  rule,  I  think  first  advanced  by  Busk,  that, 
in  general,  in  all  truly  brach3xephalic  crania  the  former  index  is 
in  excess  of  the  latter,  while  the  opposite  may  be  stated  in  the 
case  of  dolichocephalic  skulls.     Deviations  are  found  to  OQCur  in 
very  ancient  (neolithic)   skulls  of  Europe;   and   an   interesting 
exception  to  the  rule  is  also  seen  in  eight  crania  taken  from  the 
Great  mound  on  the  River  Rouge  in  which  I  find  the  mean  latitu- 
dinal index  to  be  '786,  thus  barely  escaping  being  brachycephalic, 
and  placing  them  within  the  orthocephalic  range,  the  altitudinal 
index  being  '802.     In  several  individual  instances,  however,  the 
rule  holds  good,  and  there  is  much  variation  between  the  different 
skulls.     In  respect  to  the  mean  capacity  of  the  Chambers  Island 
skulls,  which  I  have  ascertained  approximately,  they  exceed  but 
very  slightly  that  of  the  crania  from  the  Rouge ;   and  both  would 
fall  below  that  of  the  Tasmanlan,  being  only  veiy  little  in  excess 
of  that  of  the  Hottentot.    But  we  must  not  be  deceived  by  this. 
I  have  lately  had  occasion,  on  a  similar  theme,  to  call  attention  to 
the  fact  that  cranial  capacity  must  not  be  implicitly  regarded  as 
of  physiological  import.     Otherwise  we  should  have  presented  the 
anomaly  of  the  civilized,  refined  Peruvian  with  a  skull  the  cubic 
contents  of  which  are  nearly  identical  with  those  of  the  Australians 
and  Hottentots,  and  are  largely  exceeded  by  those  of  the  brutal 
North  American  Indian.     To  quote  from  the  late  Jeffries  Wyman 
in  dealing  with  like  facts, —  ^*  Unless  the  quality  of  the  brain  can 
be  represented  at  the  same  time  as  the  quantity,  brain  measurement 
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cannot  be  assumed  as  an  indication  of  the  intellectual  position  of 
races  any  more  than  of  individuals.  *  *  ♦  If  the  brains  of 
Cuvier  and  Schiller  were  of  the  maximum  size,  so  were  those 
of  three  unknown  individuals  from  the  common  cemeteries  of 
Paris,  while  that  of  Dante  was  but  slightly  above  the  mean,  and 
Byron's  was  probably  even  below  it/' 

It  is  noteworthy  that,  in  contrast  to  the  modern  Indian  skull, 
and  also  with  crania  from  the  mounds  in  Kentucky  and  Florida,  as 
given  by  Wyman,  there  is  little  indicating  inferiority,  or  simian 
tendency  in  the  position  of  the  foramen  magnum  of  the  crania 
from  the  Chambers  Island  mound.  Its  index  in  the  Chambers 
Island  skulls  is  .422.  This  need  not  be  regarded  as  anomalous. 
Those  traits  of  a  lower  condition  are  not  expected  to  be  found 
associated  in  any  one  race,  nor  are  they  so  found.  It  is  well 
known,  for  instance,  that  in  the  Negro,  with  his  general  simian 
characteristics,  the  foramen  magnum  has  nearly  as  forward  a  posi- 
tion as  in  the  Caucasian. 

In  the  Chambers  Island  skulls  I  find  present  an  interesting 
deformation  of  this  foramen,  which,- so  far  as  I  am  aware  has  not 
hitherto  been  observed,  and  was  for  the  first  time  brought  to  notice 
by  me  last  winter  (1874).  1  refer  to  an  elongation  of  the  fora- 
men, generally  in  an  antero-dexter  and  sinister-posterior  direction  ; 
80  that  this  opening  partakes  more  or  less  of  an  elliptical  form. 
In  the  crania  from  the  Rouge  mound  I  find  either  no  such  pecu- 
liarity, or  but  slight  occasional  indication  of  it. 

After  some  speculation  as  to  what  this  distortion  might  signify, 
I  came  to  the  conclusion  that,  in  all  probability,  it  arose  from 
some  marked  habit  long  persisted  in.  And  what  so  natural  as  to 
ascribe  it  to  the  habit  associated  with  the  method  to  which  those 
primitive  men  resorted  in  capturing  the  animals  and  birds  which 
supplied  so  important  a  part  of  their  food  ?  The  use  of  the  bow 
in  hunting  became  with  those  men  almost  a  business.  All  day 
long,  and  for  day  after  day,  from  childhood  to  old  age,  with  the 
majority  of  the  males  of  this  people  this  weapon  was  an  insepa- 
rable companion.  Is  it  too  much  to  say  that  the  attitude  so  fre- 
quently assumed  in  bending  the  bow  and  directing  the  arrow  in 
its  flight,  the  head  thrown  toward  the  left,  has  established  its 
faithful  record  in  the  foramen  magnum?  This  abnormal  ellipticity 
must  have  some  such  constant  cause  as  its  origin.  It  would  be 
important  to  note  whether  this  deformation  is  to  be  found  in  other 

A.  A.  A.  S.   VOL.   XXIV.      B.  (21) 


322  B.      NATURAL  BISTORT. 

races  in  which  the  use  of  the  bow  has  predominated,  and  whether 
the  habit,  strengthening  with  succeeding  generations,  gradually 
developed  and  intensified  the  curious  eccentricity.  The  latter, 
the  crania  from  the  Rouge  mound,  which  I  consider  the  more 
ancient,  and  in  which  the  deformity  is  less  marked,  would  appar- 
ently imply.  These  and  a  number  of  other  enquiries  suggested  in 
connection  with  this  peculiai'ity,  require  for  their  discussion  and 
solution  a  large  amount  of  material  from  widely  separated  fields 
of  observation ;  and  I  only  now  allude  to  this  peculiarity  in  order 
.to  draw  to  the  subject  the  attention  of  those  having  the  means  of 
vverifying  my  discovery,  by  noting  whether  it  pertains  to  the  crania 
tin  their  collections. 

I  have  prepared,  from  careful  measurements,  the  series  of  Tables 
therewith  presented,  in  which  the  dimensions  of  the  crania  and 
-some  of  the  other  bones  are  given.  Their  discussion  is,  however, 
reserved  for  a  more  convenient  opportunity,  when  I  hope  to  be 
able  to  elucidate  many  points  here  unmentioned,  or  only  touched 
en  passant.  I  would  add  that  one  of  the  crania  from  the  Rouge 
mound  presents  an  epactal  bone.  This  singular  bone,  sometimes 
denominated  the  bone  of  the  Incas,  is  generally  considered  sug- 
gestive of  Peruvian  origin. 
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Before  dismissing  the  crania,  however,  I  wish  to  notice  what 
seems  to  me  to  betoken  a  singular  practice  connected  with  the 
barial  ceremonies  of  the  aboriginal  inhabitants  of  this  country, 
and  of  which  I  can  find  nothing  on  record  in  the  books,  notwith- 
standing the  remarkable  nature  of  the  custom,  and  the  indubitable 
marks  which  would  remain  to  testify  in  instances  where  it  had  been 
adhered  to.  I  have  reference  to  the  artificial  perforation  of  the 
top  of  the  skull  after  death. 

The  cu'cular  aperture,  evidently  made  by  boring  with  a  rude, 
probably  stone,  implement,  varies  in  size,  in  some  skulls  having 
a  diameter  of  one-third,  in  others  one-half  of  an  inch,  or  more, 
and  fiaring  or  being  bevelled  at  the  surface.  It  is  invariably  placed 
in  a  central  position,  at  the  top  of  the  head. 

The  first  instance  of  its  being  brought  to  my  knowledge  was  in 
the  year  1869,  when  I  took  from  the  Great  Mound  on  the  River 
Rouge  two  fragments  of  crania,  each  of  which  exhibited  this  perfo- 
ration. A  skull  recently  presented  to 
the  Detroit  Museum  by  Mr.  Davis, 
and  which  was  exhumed  from  a  mound 
on  the  Sable  River,  Lake  Huron, 
Michigan,  also  has  this  mark.  From 
ten  to  fifteen  skulls  were  taken  from 
the  same  mound,  all  being  similarly 
perforated,  and  there  being,  as  I  am 
informed,  no  other  remains  interred 
with  them.  During  the  summer  of 
1874,  in  some  further  excavations 
made  in  the  Great  Mound  at  the 
River  Rouge,  Michigan,  among  other 
relics  exhumed  were  eight  crania,  two 
of  which  had  this  aperture.  (See 
Figs.  1,  2,  3  and  4).  Of  the  remain- 
ing bones  belonging  with  the  two  skulls  in  question,  I  specially 
noticed  that  many  were  wanting,  and  that  those  present  were 
*  heaped  en  masse^  and  not  in  the  usual  manner  of  burial,  seeming 
to  imply  that  they  were  interred  subsequently^  to  being  denuded 
of  the  flesh  and  other  soft  parts  of  the  body. 

Besides  the  foregoing  instances  of  this  curious  custom  which 
have  been  brought  immediately  to  my  knowledge,  I  have  since 
been  informed  of  a  skull  having  been  found  at  Saginaw,  Michigan, 


Fio.  1.  Aitiflcially  perforated 
SkuUCNo.  l)fVom  the  Great  Moandy 
River  Rouge,  Michigan.    |  size. 
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which  preseoted  the  peculiarity ;  but  in  this  case  there  were  three 
perforations  arranged  cocoa-nut  fashion.    For  a  more  extended 


1  from  lb*  Gi«U  Haond,  Bitw  Bong*, 

notice  of  these  perforated  akults  see  the  "American  Natnralist" 
for  Angnat,  1875. 


FlO.t.    Arllflclnll;  ptrfOrfitad 
Skull  (Ho.  e]   from   the   Great 

Monnd,  Birei  Bo«ge,  BUdiigan.  "^O-  *■    Artiflcisl  perlbniHon  of  Bknll  No. 

I  ijM.  *i  '^m  >>>B  Great  Hound,  River  Bougo,  Uiob- 

Igku.    Full  iUb,    F,  fTootal. 

The  skull  fVom  the  S&ble  River  mound  (Figs.  5  and  6)  is  of  a 
dark  color ;  and  its  latitudinal  or  cephalic  index,  .770,  would  place 
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Fio.  5.  Artificially  perforated 
Skall  ftom  Mound  at  S&ble  River 
(Lake  Huron)  Michigan,   i  size. 


it  Jnrithin  the  orthocephalic  or  medium  range ;  the  altitadinal  index 
being  inferior,  or  exactly  .745.  The  foramen  magnum  approaches 
a  central  position,  its  index  being 
.445.  The  two  perfect  specimens  from 
the  River  Rouge  ajre  decidedly  brachy- 
cephalic,  the  cephalic  indices  being 
respectively  .822  and  .853,  the  alti- 
tudinal  indices  being  inferior,  or  re- 
spectively .733  and  .828,  while  the 
indices  of  the  foramen  magnum  are, 
in  the  first  instance  .465,  and  in  the 
second  .397. 

It  is  to  be  hoped  that  in  thus  calling 
attention  to  this  singular  custom,  fur- 
ther information  wilhbe  elicited  ;  and  I 
take  this  opportunity  of  earnestly  so- 
liciting the  communication  of  any  facts 
bearing  on  the  subject.^ 

In  resuming  the  excavation  of  the  Great  Mound  at  the  River 
Rouge,  the  opening  was  made  at  what  was  presumed  to  be  its  origi- 
nal centre.  At  the  depth  of  three  feet,  human  bones,  much  de- 
cayed (though  including  the  eight  nearly  perfect  crania,  already 
mentioned),  with  fragments  of  pottery  and  a  few  stone  implements 
were  exhumed.  At  four  feet  deep  occurred  abundant  evidence  of 
cremation  in  the  presence  of  masses  of  burnt  human  remains  and 
ashes  with  charcoal  —  compact,  discolored  agglomerations,  separ- 
atee^ from  each  other  by  the  surrounding  pure  sand  of  the  mound. 
The  average  bulk  of  those  spheroidal  bodies,  in  which  fragments 
of  burnt  bone  abounded,  gave  a  length  of  two  feet,  a  breadth  of 
one  and  one-half  feet,  and  a  height  of  one  and  one-quarter  feet. 
Beneath  those  peculiar  interments  which  had  remained  undisturbed, 
nothing  but  sand  was  encountered  for  four  feet  additional  depth, 
or  a  total  of  eight  feet  from  the  surface.  At  this  depth  white 
lime-like  masses,  each  of  a  few  inches  in  circumference,  were 
reached.  They  had  little  resemblance  to  bone,  though  subsequent 
examination  proved  them  to  be  such,  and  of  man.  In  a  few  cases 
the  remains  of  the  exfoliated 'cellular  tissue  were  quite  apparent, 
while  the  outlines  of  portions  of  some  of  the  principal   bones 


^  Figs.  7  and  8  present  an  additional  instance  of  this  artificial  perforation,  in  a  skull 
from  a  mound  on  DevU  River,  Michigan. 
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could  be  sufficiently  recognized  to  determine  whether  they  belonged 
to  femur,  tibia,  fibula,  humerus  or  ulna.  But  in  the  majority  of 
instances,  those  remains  of  our  brother  man  (of  which  there  were 
considerable  quantities)  had  returned  to  "dying  Nature's  earth 
and  lime" — had  obeyed  tlie  inBnite  decree :  "Dust  thou  art,  and 


il  perAirBtloil  of  SknU  IKim  Hannd  at  Slljle  BlTsr, 


unto  dust  shalt  thou  return."  These,  in  general  ball-lilie  masses 
continucnl  to  the  depth  of  ten  and  one-half  feet,  where  operations 
were  suspended. 

Over  the  greater  part  of  what  is  left  of  this  mound,  at  about 
eighteen  inches  from  the  present  surface,  occurs  an  almost  contin- 
uouB  bed  or  stratum  of  burnt  bones  and  ashes  with  intermingled 
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fVagments  of  pottery.  I  ha/e  already  (in  1869  and  eubseqnentty) 
called  attentioD  to  the  evidences  of  the  practice  of  cremation  in 
the  barials  here,  and  it  ia  unnecessary  that  I  should  at  present 
dwell  on  the  subject.    It  must  be  borne  in  mind  that  this  mound 


Fig.  7.  ArtlBclally  per- 

rarBl«<l  Skulirram  ftlaund 
atDeTilRlTer(LBke  Ha- 
raa),  HIcbigu.    l«lM. 


Tta.  S.  Artlflclal  perfbnUfoo  of  Skull 
from  MoDnd  at  DbtU  BItbt,  Hiohlgan. 
FpUBlze.    F,  I^Dutal. 

has  been  much  disturbed,  and  large  quantities  of  the  sand,  its 
chief  component,  removed. 

The  indications  of  the  presence  of  a  former  race  are  abundant 
in  the  vicinity.  An  ancient  "Enclosure"  on  the  Detroit  River, 
immediately  below  Fort  Woyne,  and  pointed  out  by  Mr.  Hubbard, 
is  an  interesting  example  of  this.  The  general  outline  of  the  plan 
is  an  irregular  ellipse,  the  greater  diameter  being  320  feet,  and 
running  slightly  West  of  North  and  East  of  South,  or  nearly  at 
right  angles  to  the  direction  of  the  river,  the  less  diameter  being 
250  feet  in  length.  The  unequally  defined  embankment  is  but 
three  feet  high  where  best  preserved,  having  a  width  at  base  of 
twelve  feet,  and  is  surrounded  by  a  ditch-like  depression  about 
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eight  feet  wide.  Oak  trees  of  one  and  one-half  feet  in  diameter 
are  now  growing  at  several  points  of  the  embankment.  In  an 
oak  tree  which  had  been  felled  thirty-six  annual  rings  were  counted. 
These  trees  appear  to  be  of  the  '^  second  growth.*'  I  understand 
that  this  ^'  enclosure  "  was  known  to  the  early  white  settlers  before 
the  original  forest  had  been  destroyed. 

Mr.  Davis  and  the  writer  have  presented  to  the  Detroit  Museum 
specimens  of  the  massive  stone  mauls  and  other  relics  from  the 
recently  discovered  '^  Ancient  Mining  *'  pits  on  Isle  Boyale,  Lake 
Superior.  Such  remarkable  discoveries  and  of  such  immediate 
interest,  as  have  there  been  made,  cannot  be  overlooked  in  an 
account  such  as  this ;  but  for  details,  respectful  reference  is  made 
to  the  paper,  by  the  writer,  entitled  "Ancient  works  at  Isle  Royale," 
printed  in  Appleton's  Journal,  August  9,  1873,  and  to  the  paper 
printed  in  the  Smithsonian  Report  for  1873. 

I  cannot  close,  however,  without  expressing  my  wondering  ad- 
miration of  a  relic,  which,  taken  in  connection  with  our  former 
discoveries,  affords  some  of  the  most  important  evidences  of  the 
character  of  the  "Ancient  Miners,"  the  nature  of  their  work,  and 
the  richness  of  the  mineral  field  selected  for  their  labors  at  Isle 
Royale. 

Late  last  autumn,  there  was  brought  to  our  city  a  mass  of  cop- 
per which,  in  the  latter  part  of  the  summer,  was  taken  from  an 
ancient  pit  on  the  property  of  the  Minong  Mining  Company,  at 
McCargo's  Cove,  Isle  Bo3'ale.  On  cleaning  out  the  pit  of  the  ac- 
cumulated debrisy  this  mass  was  found  at  the  bottom,  at  the  depth 
of  sixteen  and  one-half  feet.  It  is  of  a  crescent-like  shape,  and 
weighs  nearly  three  tons,  or  exactly  5,720  pounds.  Such  a  huge 
mass  it  was  evidently  bej^ond  the  ability  of  those  ancient  men  to 
remove.  They  could  only  deal  with  it  as  best  they  knew  how. 
And  as  to  their  mode  of  procedure,  the  surroundings  in  the  pit 
and  the  corrugated  surface  of  the  mass  itself  bear  ample  testi- 
mony. The  large  quantities  of  ashes  and  charcoal  lying  around 
it,  show  that  the  action  of  fire  had  been  brought  to  bear  on  it.  A 
great  number  of  the  stone  hammers  or  mauls  were  also  found  near 
by,  many  of  them  fractured  from  use.  With  these  the  surface  of 
the  mass  had  evidently  been  beaten  up  into  projecting  ridges, 
and  then  broken  off.  The  entire  upper  face  and  sides  of  the 
relic  present  repeated  instances  of  this ;  the  depressions,  several 
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indies  deep,  and  the  intervening  elevations  with  their  fractured 
sammits,  covering  every  foot  of  the  exposed  superficies. 

How  much  of  the  original  mass  was  removed  in  the  manner 
described,  it  is,  of  course,  impossible  to  say.  But  from  appear- 
ances, in  all  probability,  it  had,  at  least,  been  one-third  larger. 
Innumerable  fragments  of  copper  chips  lay  strewn  on  all  sides ; 
and  even  the  scales  of  fish,  evidently  the  remnants  of  the  meals  of 
the  miners,  were  recovered  from  the  pit. 


TITLES  OF  COMMUNICATIONS. 


The  following  titles  of  papers  read  in  Section  B  include  those 
accepted  by  the  committee  for  publication  in  full,  or  by  abstract, 
but  of  which  the  authors  have  failed  to  send  copy,  as  well  as  those 
which  the  committee  decided  should  be  printed  by  title  only : 

A  Remarkable  Glacial  or  Drift  Deposit  in  Johnson  County, 
Indiana.    By  D.  R.  Malone,  of  Edinburg,  Ind. 

Notice  and  Exhibition  of  some    Prehistoric  Remains  from 
Michigan  and  Illinois.    By  A.  Winchell,  of  Syracuse,  N.  Y. 

The  Relations  of  Insects  to  Flowers.    By  W.  J.  Beal,  of 
Lansing,  Mich. 

Additional  Observations  on  the  Tarsus  and  Carpus  of  Birds. 
By  Edw.  S.  Morse,  of  Salem,  Mass. 

On  the  Galisteo  Sandstone  of  New  Mexico.    By  E.  D.  Cope, 
of  Haddonfield,  N.  J. 

Contribution  to  the  Archeology  of  New  Mexico.    By  E.  D. 
Cope,  of  Haddonfield,  N.  J. 

Kaoline  Beds  of  Southern  Illinois.    By  H:  C.  Freeman,  of 

Cobden,  111. 

Indications  of  Descent  exhibited  by  North  American  Tertiary 
Mammalia.    By  E.  D.  Cope,  of  Haddonfield,  N.  J. 

On  some  new  Fossil  Fishes  and  their  Zoological  Relations. 
By  J.  S.  Newberry,  of  Cleveland,  Ohio. 

On  some  of  the  Results  op  the  Geological  Survey  of  Ohio. 
By  J.  S.  Newberry,  of  Cleveland,  Ohio. 

The  Iqb  Period  in  the  Mississippi  Valley;   its  phenomena 
AND  causes.    By  J.  S.  Newberry,  of  Cleveland,  Ohio. 
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On  Ancient  Glaciation  at  Kellet's  Island,  Ohio.  B3'  Chas. 
Whittlesey,  of  Cleveland,  Ohio. 

Ancient  Earthworks  near  Anderson,  Indiana.  By  E.  T.  Cox, 
of  Indianapolis,  Ind. 

Indiananitb,  a  new  form  of  Kaolin  found  in  Indiana,  By 
E.  T.  Cox,  of  Indianapolis,  Ind. 

American  Antiquities.  By  C.  C.  Ccsick,  Lieutenant  U.  S. 
Army. 

Aztec  Confederacy.    By  L.  H.  Morgan,  of  Rochester,  N.  Y. 

The  Grasses  of  the  Plains  and  the  Rocky  Mountain  district. 
No  "Great  American  Desert."  By  William  Bross,  of 
Chicago,  111. 

On  the  supposed  Ancient  Outlet  of  Great  Salt  Lake.    By 

A.  S.  Packard,  Jr.,  of  Salem,  Mass. 

On  the  Gestation  op  Bats.    By  B.  G.  Wilder,  of  Ithaca,  N.  Y. 

The  Affinities  and^  Ancestry  of  the   Existing   Sirenia.     By 

B.  G.  Wilder,  of  Ithaca,  N.  Y. 

Notes  on  Menobranchus  and  Menopoma.  By  B.  G.  Wilder, 
of  Ithaca,  N.  Y. 

On  the  Structure  and  Economy  of  Lamprey  Eels  {Petromyzon) . 
By  B.  G.  Wilder,  of  Ithaca,  N.  Y. 

r 

The  Rectal  Pouch  of  Sharks  and  Skates,  as  perhaps  repre- 
senting the  Allantois  of  Air  Breathing  Vertebrates. 
By  B.  G.  Wilder,  of  Ithaca,  N.  Y.     . 

Note  on  a  Colt  Without  Front  Legs  ;  and  on  a  Chicken  which 
WAS  Developed  Within  the  Hen.  By  B.  G.  Wilder,  of 
Ithaca,  N.  Y. 

The  need  of  a  Museum  Exchange  for  specimens  of  Natural 
History,  similar  to  the  Naturalists'  Agency  for  Books. 
By  B.  G.  Wilder,  of  Ithaca,  N.  Y. 

Exhibition  of  some  Curious  Disks  of  Silica  in  the  Structure 
OF  Coal  from  Tennessee.  By  J.  Lawrence  Smith,  of 
Louisville,  Ky. 
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Ok  the  Fishes  of  the  Cretaceous  Beds  of  E^anbas.    By  E. 

D.  Cope,  of  Haddonfield,  N.  J. 

Ratio  of  Human  Progress.  By  L.  H.  Morgan,  of  Rochester, 
N.  Y. 

Notes  on  Aboriginal  Monet  of  California.  By  Lorenzo  G. 
Yates,  of  Centreville,  Cal. 

Notes  on  the  Geology  and  Physical  Geographt  about  the 
Head  Waters  of  the  Missouri,  Columbia  and  Colorado 
Rivers  in  Wyoming  Territory.  By  T.  B.  Comstock,  of 
Ithaca,  N.  Y. 


EXECIFTIVE  PROCEEDINGS 

OF 

THE     DETROIT     MEETING. 


HISTORY    OF    THE    MEETING. 

The  Twenty-foubth  Mrbting  of  the  American  Association  for  the 
Advancement  of  Science  was  held  at  Detroit,  Michigan.  The  meeting 
was  called  to  order  at  10  o'clock  on  Wednesday,  the  eleventh  day  of 
August,  1875,  and  was  closed  in  General  Session  on  the  Tuesday  night 
following. 

With  the  exception  of  the  closing  night,  the  General  Sessions  were 
held  in  the  commodious  Opera  House.  This  building  was  also  used  for 
the  Sessions  of  Section  B,  excepting  Thursday,  when  the  Section  met  in 
the  Recordef's  Court  Room  in  the  City  Hall.  On  Tuesday  night  the 
closing  General  Session  was  held  in  the  Circuit  Court  Room  in  the  City 
Hall. 

Section  A  was  assigned  to  the  Circuit  Court  Room  where  it  was  well 
accommodated,  and  continued  in  session  until  Monday  evening,  when,  all 
the  papers  having  been  read,  it  adijourned. 

The  Permanent  Subsection  of  Chemistry  held  its  sessions  in  the 
Common  Council  Chamber,  City  Hall.  This  subsection  did  not  have  any 
session  on  Saturday  and  finished  its  work  on  Monday  evening. 

Section  B  was  subdivided  on  Tuesday. 

The  Subsection  of  Biology  continued  in  the  Opera  House  until  Tuesday 
evening,  when  it  concluded  its  sessions,  and  the  Subsection  of  Geology 
occupied  the  Circuit  Court  Room  for  the  day,  also  adjourning  on  Tuesday 
evening. 

The  Citizens  of  Detroit  had  not  only  placed  the  Opera  House  and  the 
several  rooms  mentioned  in  the  City  Hall  at  the  disposal  of  the  Associa- 
tion but  a  number  of  other  rooms  in  the  City  building  as  well.  Of  thesS, 
the  Controller's  room  formed  a  convenient,  though  rather  small.  Local 
Committee  reception  room,  post  and  telegraph  office,  with  the  office  for 
the  Permanent  Secretary  adjoining.  The  Standing  Committee  were  well 
provided  with  the  Committee  Room  of  the  Common  Council,  and  several 
other  rooms  were  ready  in  case  the  sections  should  subdivide.  Temporary 
use  was  made  of  these  by  Committees  and  for  Informal  meetings. 
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The  Proprietor  of  the  Blddle  House,  Mr.  J.  M.  Maxwell,  in  addition  to 
other  acts  of  courtesy,  placed  two  parlors  at  the  disposal  of  the  members 
during  the  period  of  the  meeting,  and,  as  a  large  nnmber  of  the  members 
were  quartered  at  this  hotel.  Committee  Meetings  were  almost  daily  and 
nightly  held  at  the  hotel. 

Altogether  the  meeting  wns  well  provided  for  as  to  accommodations, 
and  the  Association  is  much  indebted  to  the  citizens  of  Detroit,  and 
especially  to  the  members  of  the  Liocal  Committee  and  the  proprietors  of 
the  Opera  House  for  their  efforts  and  thoughtful  arrangements.  The  only 
drawback  was  the  distance  between- the  sevei'al  places,  but  there  are  very 
few  cities  where  the  proper  accommodation  for  the  meeting  can  be  had  in 
one  building,  and  it  can  only  be  expected  that  the  Local  Committees  will 
secure  the  several  rooms  required  at  the  least  distance  apart  that  may  be 
possible,  as  was  done  at  Detroit. 

Two  hundred  and  eighty-eight  tickets  were  given  out  for  the  meeting, 
but  only  one  hdndred  and  sixty-five  members  and  fellows  signed  the  reg- 
ister at  Detroit. 

Ninety- live  members  were  elected.  Of  these  fifteen  have  not  yet 
replied  to  the  two  notices  that  have  been  sent. 

Two  life  members  were  added  to  the  list.  The  name  of  Mr.  Elwyn, 
for  many  years  the  Treasurer  of  the  Association,  was  placed  on  the  list 
by  the  vote  of  the  Standing  Committee,  as  a  slight  acknowledgment  of 
the  services  which  he  had  rendered  the  Association  in  its  early  years. 
One  hundred  and  nineteen  members  were  cKcted  fellows,  three  of  whom 
have  declined,  and  ten  have  not  yet  complied  with  the  requirements 
of  the  Constitution  in  relation  to  fellowship,  and  consequently  their 
names  are  not  yet  entered  in  the  list. 

Of  the  thirty-two  members  of  the  Standing  Committee  eighteen  were 
present. 

Notice  was  given  of  the  decease  of  six  members  since  the  last  meeting. 

The  comparative  small  attendance  of  members  at  Detroit  was  evidently 
due  in  great  measure  to  the  several  causes  noticed  by  the  President  In 
his  closing  remarks,  and  from  extensive  correspondence  since  the  meeting 
it  is  evident  that  the  general  financial  depression  In  the  country  at  the 
time  of  the  meeting,  added  to  the  apparent  lack  of  concessions  on  the 
part  of  the  railroads,  prevented  a  large  number  of  members  from  taking 
part  in  the  meeting. 

One  hundred  and  thirty-six  papers  were  entered  by  title  on  the  general 
list.  Of  these  two  were  not  considered  by  the  Standing  Committee  as 
their  authors  failed  to  furnish  the  required  abstracts;  three  were  with- 
drawn by  their  authors  and  twelve  were  declined  by  the  Standing  and 
Sectional  Committees.  Of  the  remaining  one  hundred  and  nineteen,  two 
were  read  in  General  Session  In  ftiU  and  two  by  title ;  one  was  given  as  a 
popular  evening  lecture;  forty-four  were  read  in  Section  A,  nineteen  in 
the  Chemical  Subsection,  and  seventy  in  Section  B,  including  its  subsec- 
tions formed  towards  the  close  of  the  meeting.  Of  the  one  hundred  and 
eighteen  papers  thus  brought  before  the  regular  sessions,  sixty-five  were 
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accepted  for  printing  in  full,  thirty-three  in  abstract,  and  twenty  by  title. 
Of  the  ninety-eight  papers  accepted  for  the  volame  the  authors  have 
failed  in  thirty-eight  instances  to  send  their  manuscripts  for  publication, 
bence  these  papers  are  only  given  in  the  volume  in  the  lists  of  titles  of 
papers  read.  Notices  were  sent  on  September  8th  to  all  authors  whose 
accepted  papers  had  not  been  received  at  that  date. 

The  Standing  Committee  having  made  but  a  very  small  appropriation 
for  ill usti*ai ions  for  the  present  volume,  it  is  necessary  for  me  to  state 
that  the  Association  is  indebted  to  the  following  gentlemen  for  the  illus- 
trations accompanying  their  papers: — Dr.  Ililgard,  Mr.  Osborn,  Prof. 
Mendenhall,  Mr.  Stevens,  Dr.  Dawson,  Prof.  Barnard,  and  Dr.  Wilder. 
Col.  Whittlesey  also  fhrnishcd  the  wooclcuts  in  his  article,  and  PresidenfT 
Hilgard  icindly  provided  the  map  for  the  same.  It  is  also  to  President 
Hilgard  that  the  Association  is  indebted  for  the  two  line  lithographic 
plates  Illustrating  Dr.  Farqu  ah  arson's  paper,  while  the  other  four  plates 
accompanying  the  last  mentioned  paper  were  obtained  by  an  exchange  of 
copies  of  plates  one  and  two  with  the  Davenport  Academy  of  Science. 
Prof.  Henry  has  kindly  allowed  the  use  of  the  woodcuts  in  Mr.  Gillman*s 
paper  in  advance  Arom  the  Annual  Report  of  the  Smithsonian  Institution. 

The  address  of  the  Retiring  President,  Dr.  LkCoxtb,  was  delivered  in 
General  Session,  at  the  Opera  House  on  Thursday  evening,  and  those  of 
the  Vice  Presidents,  Prof.  Newton  and  Dr.  Dawson  in  General  Session 
on  the  following  morning. 

Consent  having  been  granted  in  Section  B,  a  Permanent  Subsection  of 
Anthropology  was  organized  for  the  next  meeting  by  the  election  of  lion. 
Lkwis  H.  Mokgan  as  Chairman,  and  the  appointment  of  a  committee  tQ 
further  the  Interests  of  the  Subsection  at  the  next  meeting. 

Informal  action  was  taken  by  a  number  of  members  specially  Interested 
in  Microscopy,  in  favor  of  the  formation,  at  the  next  meeting,  of  a  Sub- 
section, or  an  Association  Club  similar  to  that  of  the  Entomologists. 

The  Entomological  Club  of  the  Association,  held  several  sessions 
during  the  week. 

The  very  active  interest  taken  by  a  number  of  the  citizens  of  Detroit, 
especially  l)y  the  members  of  the  Local  Committee,  and  the  Detroit 
Scientific  Association,  resulted  in  making  the  meeting  very  agreeable  iu 
its  social  aspects,  as  well  as  adiling  to  its  sclentlflc  sacccss  by  the  atten- 
tions bestowed  and  the  readiness  with  which  desired  assistance  was 
granted.  • 

The  evening  reception  given  on  Wednesday  by  the  members  of  the 
Dktroit  Scikntific  Association,,  at  their  Museum,  was  very  Interesting 
and  cordial,  while  the  following  receptions  on  Thursday,  Friday  and 
Monday  evenings  by  Governor  Baglky,  Mr.  and  Mrs.  E.  A.  Buusii,  and 
Mr.  and  Mrs.  A.  W.  Lbggktt,  added  much  to  the  social  enjoyment  of  the 
members  and,  it  is  hoped,  proved  equally  agreeable  to  the  citizens  and 
generous  hosts  on  tiie  several  occasions. 

Saturday  afternoon  was  devoted  to  a  delightful  excursion  on  the 
Detroit  River,  given  by  the  Citizens  of  Detroit,  under  the  direction  of  the 
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Local  Committee  on  Ezcarsions,  to  the  members  of  the  Association  and 
invited  guests.  The  Steamers  *' Victoria"  and  '* Fortune"  were  lashed 
together,  most  comfortably  accommodating  about  eight  hnndred  ladies 
and  gentlemen  who  joined  in  the  excarsion.  A  short  trip  np  the  river 
was  first  talcen,  and  then,  turning,  the  boats  passed  by  the  city  and  below 
nearly  to  Stony  Island,  when  the  boats  were  turned  homeward,  but  on 
the  way  a  landing  was  made  at  the  Alexander  House  wharf  and  time 
allowed  for  a  pleasant  stroll  about  Grosse  Isle.  The  party  arriving  safely 
at  Detroit  about  8  o'clock  in  the  evening.  The  varied  scenery  along  the 
river,  including  glimpses  of  the  ancient  mound  and  earthwork  on  its 
bank,  was  much  enjoyed,  while  the  bountifhl  collation,  the  music  by  the 
band  of  the  22d  Reg.  of  Infantry,  provided  by  the  courtesy  of  the  Com- 
.manding  Officer  of  Fort  Wayne,  and  by  the  orchestra  of  stringed  instru- 
ments,  all  combined  to  make  the  excursion  a  charming  episode  of  the 
Detroit  meeting. 

The  numerous  invitations  extended  to  the  Association  by  the  several 
large  manufacturing  and  smelting  companies  of  Detroit  and  vicinity,  and 
by  the  several  societies  and  State  Institutions,  as  well  as  by  individuals, 
were  quite  generally  accepted  by  small  parties  at  various  times. 

At  the  invitation  of  Mr.  N.  G.  Clark  and  the  citizens  of  North ville  two 
parties,  one  after  the  close  of  the  meeting,  visited  the  famous  fish  breed- 
ing establishment  of  Mr.  Clark,  where  they  were  intellectually  entertained, 
and  hospitably  received,  by  Mr.  Clark  and  the  citizens  of  the  place. 

For  further  information  In  relation  to  the  meeting  reference  is  made  to 
the  following  Report  of  the  General  Secretary. 

F.  W.  Putnam, 

Permanent  SeereUarif. 
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REPORT  OF  THE  GENERAL  SECRETARY. 

The  Association  met  at  the  Opera  Housef  Detroit,  at  10  a.  m.  on  Wed- 
nesday, August  11, 1875,  and  was  called  to  order  by  the  retiring  President, 
Dr.  John  L.  LeConte,  who  introduced  the  President  elect,  Dr.  Juuus  E. 
HiLGABD.  After  prayer  by  the  Rev.  Dr.  Wiluam  Aikman,  the  Hon.  C.  I. 
Walkek,  on  behalf  of  the  Dktkoit  Scientific  Association,  delivered 
the  following  address  of  welcome : 

Gentlemen  of  the  National  Association  for  the  Advancement  of 
Science:  In  behalf  of  the  Scientific  Association  of  Detroit,  and  of  onr 
citizens  generally,  I  give  you  a  most  cordial  welcome  to  the  City  of  the 
Straits. 

We  can  boast  of  no  great  achievements  In  scientific  research  and  dis- 
covery, we  can  point  to  no  9ne  who  by  his  labors  in  this  field  has  placed 
himself  among  *'  the  few  immortal  names  t^at  were  not  born  to  die  ;"•  but 
you  will  remember  that  It  is  less  than  forty  years  since  Michigan  became 
a  sovereign  State,  and  we  have  been  too  busy^n  bringing  wild  nature  into 
subjection  to  man,  in  subduing  the  forest,  In  making  the  wilderness  to 
blossom  as  the  rose,  to  give  very  much  attention  to  science,  except  In  its 
most  rudimcntal  phases,  and  Us  directly  and  practically  connected  with 
those  industries  that  predominate  In  a  new  State.  And  yet  we  claim  that 
we  have  not  for  half  a  century  been  drawing  from  the  population  and  cul- 
ture of  the  Enst.and  of  the  old  world  In  vain.  Where  In  any  new  country 
(I  might  almost  say  where  in  any  country)  will  you  find  a  better  system  of 
public  schools,  and  a  nobler  university?  These  have  aided  In  sowing 
broadly  and  planting  deeply  a  taste  for  higher  culture,  and  the  seed  is 
germinating  and  will,  we  trust,  come  both.to  flower  and  fruitage. 

Many  of  you,  perhaps  most  of  you,  come  from  the  older  States.  You 
are  upon  the  confines  of  the  old  Northwestern  Territory,  now  comprising 
the  great  States  of  Ohio,  Indiana,  Illinois,  Michigan  and  Wisconsin.  In 
this  centennial  period  it  may  not  be  inappropriate  to  recall  to  your  mem- 
ory the  actual  condition  of  this  Territory  one  hundred  years  ago  to-day. 
There  was  not  a  settlement  of  English  origin  within  this  whole  Territory. 
The  entire  population  did  not  probably  exceed  5,000.  At  the  close  of  the 
old  French  and  Indian  war  in  1763,  that  resulted  In  the  conquest  of  Canada 
by  Great  Britain,  and  the  surrender  of  this  whole  region,  as  far  west  as 
the  Mississippi  to  British  control,  there  was  probably  a  French  population 
of  about  10,000.  But  so  deeply  dissatisfied  were  they  at  the  change  that 
they,  in  large  numbers,  emigrated  to  the  lower  Mississippi,  which  was 
still  under  French  control.  In  1764  Laclede  founded  St.  Louis,  and  many 
went  thither.  So  great  was  this  change  that  the  Detroit  settlement  was 
reduced  from  a  population  of  2,500  to  about  800,  and  Kaskaskia  from  1,500 
or  2,000  to  ab^ut  600. 

At  this  time,  1775,  Detroit,  the  most  Important  town,  occupied  about 
three  acres  upon  the  bank  of  the  river.  Inclosed  by  pickets  from  fifteen  to 
twenty-five  feet  high,  which  were  pierced  by  four  gates,  defended  by 
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blockhouses  and  guns.  It  was  traversed  by  narrow  streets  or  alleys  fh>m 
ten  to  sixteen  feet  In  width.  There  were  from  eighty  to  one  hundred 
dwellingH,  all  of  logs,  except  the  house  of  the  commandant.  It  contained 
a  population  of  rtotn  800  to  400.  Of  these  thirty  were  Scotchmen,  fifteen 
Irishmen  and  two  Englishmen;  mostly  traders  wlio  were  new  comers  and 
without  families.  The  rest  were  French.  The  old  fort  erected  at  the 
settlement  In  1701  had  gone  to  decay.  Scattered  up  and  down  the  river 
Dear  the  town  was  a  French  population  of  from  800  to  400  more. 

During  the  revolution  Detroit  was  the  scat  of  British  power  In  the 
Northwest.  From  her  emanated  those  bloody  Indian  forays  that  carried 
terror  and  devastation  to  the  border  settlements  of  Pennsylvania,  Vir- 
ginia and  Kentucky.  Here  the  famous  Kentucky  partisan,  Daniel  Boone, 
was  brought  as  a  prisoner  by  his  Indian  captors.  From  here  went  out 
Governor  Hamilton  with  a  proud  force  of  British  and  Indians  to  capture 
George  Uoger  Clark,  and  was  himself  capturtd  at  Vlncennes  by  that  gal- 
lant ofilcer.  • 

Next  to  Detroit  In  Importance  was  Mackinaw  with  Its  fort,  thirty  fami- 
lies within  the  pickets,  and  a  still  larger  number  In  the  vicinity.  There 
were  small  stockade  forts  at*  Sault  St.  Mary  and  on  the  St.  Joseph  River, 
with  a  few  French  families  around  each. 

In  the  great  State  of  Ohio  was  not  a  slugle  settlement,  unless  the  Mo- 
ravian Mission  on  the  Newburgli  be  so  tcrmcrl.  Sandusky  had  been  occu- 
pied temporarily  as  a  military  post,  but  It  was  not  a  permanent  one  and 
had  no  settlement.  In  Indiana  there  were  but  three  small  settlements,  of 
which  Vlncennes  was  the  principal.  In  Illinois  there  were  several  settle- 
ments, of  which  Kasknskia  and  Cahokia  were  the  principal.  In  Wisconsin 
there  was  only  one  small  settlement  at  Green  Bay,  protected  by  a  stockade 
fort. 

These  were  all  the  settlements  In  this  great  Northwest  at  the  eom- 
menc(<mont  of  the  Kevolutlon,  and,  ns  I  have  said,  the  population  did  not 
probably  exceed  5,000,  and  these  were  largely  engaged  in  the  fur  trade. 
The  strictly  agricultural  population  was  very  small.  Yet  scattered 
through  these  primeval  forests  and  running  over  these  prairies  there  was 
a  population  neither  to  bo  ignored  nor  despised.  Sir  William  Johnson, 
than  whom  there  Is  no  better  authority,  estimated  the  number  of  Indian 
warriors  In  the  Territory  at  8,090. 

This  Territory,  whose  condition  a  century  since  I  have  thns  described 
to  you,  now  composes  the  five  great  States  named,  with  a  population  of 
10,000,000,  and  Is  rlcli  with  the  production  of  human  Industry  and  human 
art. 

No  other  section  of  the  Union  of  the  same  area  comprises  so  many 
advantages,  or  Is  capable  of  sustaining  so  dense  a  population.  With 
scenery  of  great  and  dlversilled  beauty,  a  climate  varied  and  delightful, 
a  soil  of  surpassing  richness  and  fertility,  sustaluiug  a  wealth  of  timber 
that  the  energies  of  man  cannot  destroy  for  generations  to  come,  with 
exhaustless  mines  of  lead,  iron,  coal,  copper  and  salt,  and  traversed  and 
environed  by  noble  rivers  and  great  lakes,  the  equal  of  which  are  not  to 


BEPORT  OF   GENERAL   8ECRETART.  841 

be  foond  upon  the  face  of  the  earth,  it  Is  not  surprising  that  Its  growth 
in  population  and  wealth  Is  without  a  parallel  In  the  history  of  the  world. 

In  the  light  of  the  present  state  of  things  It  is  not  without  interest  that 
we  read  a  description  and  prediction  made  in  the  Parliament  of  Great 
Britain  in  1791.  Detroit  and  its  dependencies,  Including  Wisconsin,  re* 
mained  in  the  posscsnlon  of  Great  Britain  until  after  Jay's  treaty  of  1704, 
and  thus  was  practically  a  part  of  Canada.  In  1791,  when  the  act  dividing 
the  District  of  Quebec  Into  Upper  and  Lower  Canada  was  under  discussion 
in  Parliament,  a  leading  merchant  of  Quebec,  Mr.  Lyneburner,  was  heard 
in  opposition  to  the  act.  He  contended  that  *'  Niagara  was  the  utmost  ex<* 
tent  westward  of  the  cultlTuble  part  of  the  province,"  that  while  it  was  trua 
that  there  was  a  small  settlement  at  Detroit,  and  it  was  of  great  impor- 
tance as  a  post  for  the  Indian  trade,  it  could  never  become  of  great 
importance  as  a  place  of  settlement ;  that  the  falls  of  Niagara  presented 
a  barrier  to  the  transportation  of  produce,  which  must  greatly  impede  the 
progress  of  settlement  and  cultivation  for  ages  to  come. 

It  is  to  this  Detroit,  this  Northwest,  to  which  we  welcome  you  In  this 
year  of  our  Lord  1875.  Witness  for  yourselves  how  far  this  prediction 
has  become  histor)^.  I  trust  that  your  visit  here  will  bo  as  pleasant  to 
you  as  it  certainly  will  be  to  us,  and  profitable  to  us  all. 

In  the  great  future  that  lies  before  us  to  mature  we  need  a  complete 
and  harmonious  development,  both  of  our  material  resources  and  Intellect- 
ual and  moral  powers  and  faculties.  Such  associations  as  this,  such  labors 
as  yours,  have  an  important  place  in  this  development,  and  we  bid  you  a 
hearty  God- speed. 

President  Hiloard  replied  as  follows : — 

In  behalf  of  the  American  Association  for  the  Advancement  of  Science 
I  return  thanks  to  the  Detroit  Scientific  Association  and  to  the  citizens  of 
Detroit  for  their  cordial  welcome,  and  to  you,  sir,  for  the  kind  and  eloquent 
words  in  which  it  has  been  expressed.  The  arrangements  made  for  the 
convenience,  comfort  and  entertainment  of  the  members  of  this  Associa- 
tion by  your  generous  kindness  are  a  fit  sequel  to  the  cordial  invitations 
received  by  us  last  year  at  Hartford  from  your  city  authorities,  your  Gov- 
ernor, your  scientific  and  literary  societies,  and  fk'om  the  University  of 
Michigan. 

V  That  invitation  was  the  more  welcome  as  it  seemed  desirable  that  the 
meeting  should  be  held  somewhere  In  the  heart  of  our  great  country,  in 
order  to  facilitate  the  attendance  of  those  members  who,  living  in  the 
West,  are  in  a  measure  isolated  and  restricted  in  their  Intercourse  with 
men  of  similar  pursuits. 

The  growth  of  sympathy  and  brotherhood,  fostered  by  personal  contact 
and  oral  exchange  of  views,  is  one  of  the  most  valuable  elements  In  our 
annual  reunions.  Another  is  the  awakening  of  a  more  lively  interest  in 
science  in  the  communities  where  the  meetings  are  held. 

Local  Institutions  are  strengthened  by  an  increased  sympathy  with  their 
objects,  and  new  recruits  are  enlisted  fk'om  the  ranks  of  the  young — the 
young,  in  whom  lie  all  hopes  of  the  future* 
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You  have  referred,  sir,  to  the  brief  time  within  which  your  Common- 
wealth  has  grown  to  its  present  condition,  in  explanation  of  the  prepon- 
derance of  material  interests  heretofore  and  of  the  disparity  in  the 
development  of  scientific  interests  as  compared  with  older  commnnities. 
But  when  we  look  at  the  grand  organization  at  work  in  this  State  for  the 
higher  education  of  the  people,  we  may  rest  assured  that  in  less  than  two 
generations  that  disparity  will  have  disappeared,  for  the  boys  and  girls 
who  are  receiving  the  higher  culture  of  the  present  day  at  your  univer- 
sities will  feel  the  delight  of  seeking  out  the  ways  of  the  Creator,  and  of 
advancing  step  by  step  in  the  comprehension  of  the  laws  he  has  impressed 
upon  nature. 

Again,  let  us  thank  you  for  your  kind  welcome. 

The  General  Secretary,  Mr.  Samuel  H.  Scttpder,  read  the  names  of 
forty  persons  recommended  for  membership  by  the  Standing  Committee, 
and  they  were  elected. 

Invitations  were  read  Arom  the  Young  Men's  Society,  the  Detroit  Gas 
Light  Company,  and  the  Superintendent  of  the  House^  of  Correction,  and 
referred  to  the  Standing  Committee. 

A  letter  was  also  read  from  the  Secretary  elect  of  Section  B,  Prof.  N.  S. 
Shalkr,  regretting  his  inability  to  attend  the  meeting. 

The  Permanent  Secretary,  Mr.  F.  W.  Putnam,  announced  the  decease 
of  six  members  during  the  year;  — John  E.  Gavit  of  New  York,  Dr. 
Theodore  C.  Hilgard  of  St.  Louis,  Prof.  Joseph  Winlock,  Director  of 
the  Observatory  of  Harvard  College,  Sir  William  £.  Logan  of  Canada, 
Prof.  Jeffries  Wyman  of  Harvard  College,  and  William  E.  Whitman  of 
Philadelphia. 

The  General  Secretary  read  a  list  of  seventy-six  members  proposed  for 
fellowship  by  the  Standing  Committee,  and  they  were  elected. 

The  Association  then  elected  Professors  £.  S.  Morse,  E.  B.  Elliott, 
E.  T.  Cox,  G.  J.  Brush,  G.  F.  Barker  and  S.  W.  Johnson  members-at- 
large  of  the  Standing  Committee. 

Prof.  A.  Winchell,  whose  name  had  been  omitted  fk'om  the  list  of 
nominees  for  this  office,  because  it  did  not  appear  upon  the  printed  list  of 
fellows,  explained  that  he  had  indicated  a  year  previously,  in  a  letter  to 
the  Permanent  Secretary,  his  desire  to  become  a  fellow  In  accordance 
with  the  last  clause  of  the  fourth  section  of  the  constitution ;  but  that 
the  Secretary  appeared  not  to  have  received  the  letter.  Whereupon  it 
was  voted  that  Professor  Wincheirs  explanation  be  accepted  and  his 
name  placed  upon  the  list  of  fellows. 

The  recommendation  of  the  Standing  Committee  that  the  daily  recess 
should  extend  Arom  12.30  to  2.30  p.  m.  was  adopted. 

In  the  afternoon  the  Association  met  in  sections. 

Section  A  met  in  the  Circuit  Court  Room,  City  Hall,  and  was  called  to 
order  by  Vice  President  Prof.  A.  H.  Newton  of  Yale  College,  the  Sec- 
retary, Prof.  S.  P.  Langlet  of  Allegheny,  Pennsylvania,  in  attendance. 
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Professors  G.  F.  Barker,  T.  C.  Mbndenhall  and  W.  H.  Chandler  were 
chosen  members  of  the  Sectional  Committee. 

Section  B  met  in  tAe  Opera  Hoase,  and  was  called  to  order  by  Yice 
President,  Principal  J.  W.  Dawson.  The  Secretary,  Professor  N.  S. 
Shaier,  being  absent,  Professor  E.  S.  Morse  was  chosen  to  fill  his  place, 
and  Professor  £.  D.  Cope,  Rev.  J.  G.  Morris  and  Professor  C.  Y.  Relet 
were  elected  as  a  Sectional  Committee.  f 

The  Permanent  Subsection  of  Chemistry  met  In  the  Common  Council 
'Chamber,  City  Hall,  and  was  called  to  order  by  the  Chairman,  Professor 
S.  W.  Johnson  of  Yale  College.  Professor  F.  W.  Clarke  of  Cincinnati 
was  chosen  Secretary. 

The  Second  Day's  session  was  opened  in  the  Opera  House  at  10  a.  m. 

The  General  Secretary  read  the  names  of  twenty-three  persons  recom- 
mended to  membership  by  the  Standing  Committee  and  they  were  elected. 

Professor  E.  S.  Morse  having  been  elected  Secretary  of  Section  B,  re- 
signed his  position  as  member-at-large  of  the  Standing  Committee,  and 
Professor  F.  W.  Clarke  was  chosen  in  his  place. 

Invitations  received  flrom  the  Wyandotte  Silver  Smelting  Works,  and 
the  Detroit  and  Lake  Superior  Copper  Smelting  Works,  were  referred  to 
the  Standing  Committee. 

The  General  Sessions  then  adjourned,  and  the  Sections  Immediately 
assembled  for  the  reading  of  papers. 

In  Section  A.,  Messrs.  G.  W.  Hough  of  Albany,  H.  T.  Eddy  of  Cincin- 
nati, H.  C.  Bolton  of  New  York,  and  J.  N.  Stockwell  of  ('leaveland; 
and  in  Section  B,  Messrs.  A.  R.  Grote  of  Buffalo,  A.  H.  Tutfle  of  Co- 
lumbus, E.  D.  Cope,  of  Philadelphia,  and  L.  H.  Morgan  of  Rochester, 
were  elected  members  of  the  Nominating  Committee. 

At  8  p.  M.  the  address  of  the  retiring  President,  Dr.  J.  L.  LeConte,  was 
delivered  befbre  the  Association,  in  General  Session,  at  the  Opera  House. 

The  Third  Day's  session  was  held  in  the  Opera  House,  commencing  at 
10  o'clock. 

The  General  Secretary  read  a  list  of  eleven  persons  recommended  to 
membership  by  the  Standing  Committee  and  they  were  duly  elected. 

The  following  resolution  offered  at  the  instance  of  the  Entomological 
Club  of  the  Association,  and  recommended  for  passage  by  the  Standing 
Committee  was  adopted : 

Besolved: — That  the  Association  earnestly  request  the  State  authorities    . 
of  the  diiferent  States  of  the  Union,  as  well  as  the  ofllccrs  In  the  respective 
departments  of  the  National  Government  to  ftirnlsh  the  library  of  the 
Association  with  all  their  printed  reports  upon  scientific  subjects*  by  re- 
mitting them  to  the  Permanent  Secretary. 

Invitations  received  to  visit  the  Fish  Breeding  establishment  at 
Northvllle,  the  Detroit  Stove  Works,  the  Detroit  Locomotive  Works,  and 
two  paintings  by  the  late  Mr.  J.  M.  Stanley,  wore  referred  to  tlio  Standing 
Committee. 
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The  Permanent  Secretary  announced,  on  behalf  of  the  Committee  on 
the  Elizabeth  Thompson  Donation,  that  the  entire  sum  had  been  expen- 
ded in  the  publication  of  a  quarto  memoir  on  Fossil  Butterflies,  of  one 
hundred  pages  and  three  plates,  by  Mr.  S.  H.  Scudder. 

The  Association  then  listened  to  the  addresses  of  Professor  H.  A.  Kew- 
TON  and  Dr.  J.  W.  Dawson,  Vice  Presidents  of  Sections  A  and  B. 

The  General  Secretaiy  read  the  following  invitations  which  had  been 
received  for  the  meeting  in  1876  from  Nashville,  Philadelphia  and  BuiTalo. 


DEPARTMENT  OF  PUBLIC  INSTRUCTION. 

1 


Office  of  the  State  Superintendent, 
Nashville,  Tenn.,  August  6,  1875. 


Whereas,  At  the  Meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science  held  at  Newport,  August,  1860,  an  invitation  was 
accepted  to  hold  its  next  annual  meeting  at  Nashville,  Tennessee ;  and 
whereas  said  meeting  was  prevented  from  being  held  by  hindrances  of 
Civil  War,  now  then,  we  the  undersigned,  citizens  of  Nashville  and  of 
Tennessee,  do  respectfblly  and  cordially  Invite  the  said  great  National 
Association  to  hold  its  next  meeting  in  the  Capitol  of  Tennessee.  We 
pledge  our  earnest  endeavors  to  make  the  meeting  here  in  every  way  a 

success. 

'Jas.  D;  Poster,  Oovemor  of  Tennessee. 

Ghas.  N.  Gibbs,  Secretary  of  State. 
Jas.  L.  Gaines,  Comptroler. 
W.  Morrow,  Treasurer. 

Leon  Trousdale,  State  Svpt.  Public  Instruction. 
W.  R.  Hambt,  Adjutant  General. 
,  J.  B.  KiLUCBREW,  Comr.  of  Agr.  Statistics  and  Mines. 
Signed  by :  -j  j^j^^  ^^  Saffobd,  State  Geologist. 

J.  Berrien  Lindsley,  Sec*y  State  Board  of  Education. 
E.  EiRBY  Smith,  Chancellor  University  of  Nashville. 
RoBT.  A.  Young,  Sec.  Bd,  TV.  Vanderhilt  University. 
Morton  B.  Howell,  Mayor  of  Nashville. 
E.  W.  Cole,  Pres.  N.  C.  <fc  St.  Louis  Bailway. 
.J.  G.  M.  Ramsey,  M.  2>.,  Pres.  Tenn.  His.  Soc 

To  F.  W.  Putnam,  Secretary  A.  A.  A.  S. 


INTERNATIONAL  EXHIBITION,  PHILADELPHIA. 

Centennial  Board  of  Finance,  ) 
Philadelphia,  July  22,  1875.     5 
Prof.  J.  E.  Hiloard, 

President  Amer.  Asso.  Adtf.  of  Sci.,  Washington,  D.  C. 

My  Dear  Sir:— Aubrey  H.  Smith,  Esq.,  called  on  us  yesterday  on 
behalf  of  Professors  LeConte,  Cope  and  himself  to  say  that  your  Society 
will  meet  at  Detroit,  Michigan,  on  the  11th  of  August  next,  and  to  sug- 
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gest  that  this  city  shoald  be  selected  as  the  place  for  holding  the  annual 
meeting  of  1876. 

In  this  suggestion  we  most  heartily  concur,  and  hope  that  such  a  reso- 
lution will  be  adopted.  We  shall  cordially  welcome  you,  and  aid,  as  far 
as  may  be  in  our  power,  to  make  the  visit  agreeable  to  your  members  and 
to  afford  the  Society  accommodations  for  holding  its  meetings  and  giving 
effect  to  its  deliberations.  We  hope  that  during  our  Exhibition  we  shall 
have  representative  bodies  in  attendance  who  will  by  their  meetings,  dis- 
cussions and  publications,  illustrate  the  progress  of  the  World  in  the  last 
century  in  all  the  departments  of  Education,  Scleime,  Art  and  Manufac- 
tures, so  as  to  make  our  Centennial  a  permanent  land  mark  in  the  World's 
history. 

We  have  no  doubt  that  as  our  several  scientific  and  literary  bodies  hold 
their  autumnal  meetings,  they  will  pass  resolutions  assuring  your  Society 
of  a  hearty  welcome  to  this  city,  and  making  such  arrangements  for  its 
accommodation  as  the  importance  of  the  occasion  will  demand. 

I  am,  respectfully  and  truly  yours, 

Fred.  Fraley,  See. 


Philadelphia,  Aug.  4,  1875. 
Prop.  F.  W.  Putnam, 

Permanent  Secretary  of  the  A.  A.  A.  S» 

Dear  Sir  : — Please  find  enclosed  a  resolution  of  the  Academy  of  Natural 
Sciences  of  this  city,  extending  an  invitation  to  the  Am.  Asso.  Adv. 
Science  to  hold  its  next  annual  meeting  in  Philadelphia. 

Yours  very  truly, 

£.  D.  Cope, 

Correap,  Seer.  Acad.  Nat.  Sd,  Fhila. 


Academy  of  Natural  Sciences,  > 
Philadelphia,  July  20,.  1875.     5 

Edw.  D.  Cope, 

Corresponding  Sec.  A.  N.  S.  Fhila. 

Sir  :  —At  the  meeting  of  the  Academy  held  July  27,  it  was  unanimously 
Resolved, — That  the  Academy  of  Natural  Sciences  of  Philadelphia, 

cordially  invite  the  American  Association  for  the  Advancement  of  Sdience 

to  meet  in  Philadelphia  in  1876. 
Will  you  please  notify  the  Secretary  of  the  Association  of  this  action 

on  the  part  of  the  Academy. 

Yours  truly, 

Edward  J.  Nolan, 

Bee  Sec.  A.  N.  S.  Phila. 
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Resolved,  That  the  proposed  action  of  the  society  is  cordially  ap- 
proved, aod  that  the  CouDcil  will,  so  far  as  it  may,  cooperate  with  the 
Society,  iftid  with  all  oor  good  citizens,  in  making  the  session  of  1876,  if 
held  here,  pleasant  to  the  members  of  the  Association  for  the  Advance- 
ment of  Science,  and  promotion  of  its  objects. 

Adopted. 

I  hereby  certify  that  the  above  Is  a  true  copy  of  a  commanication  from 
His  Honor,  the  Mayor,  submitted  to  the  Common  Council,  July  19,  1875, 
and  that  the  resolution  following  it  was  duly  adopted. 

B.  D.  Ford, 


Buffalo,  Jult  27, 1875. 


CUy  Clerk. 


Buffalo  Board  of  Trade,  > 
Buffalo,  Aug.  18,  1875.     5 

Augustus  B.  Grote,  Esq., 

Detroit,  Mich. 

Dear  Sir: — At  a  meeting  of  the  members  of  the  Buffalo  Board  of 
Trade  held  this  morning,  Cyrus  Clarice,  Esq.,  President,  in  the  chair,  the 
following  preamble  and  resolution  was  offered  by  Alonzo  Bichmond,  Esq., 
and  unanimously  adopted :  — 

Whereas,  We  notice  that  the  Society  of  Natural  Sciences  of  our  city 
has  resolved  to  invite  the  ** American  Association  for  the  Advancement  of 
Science"  to  hold  its  next  annual  meeting  at  Buffalo  in  1876,  therefore  be  it 

jResolved,  That  we,  as  a  Board  of  Trade,  cordially  cooperate  in  this 
invitation,  and  shall  be  pleased  to  unite  in  making  the  session  of  1876  a 
most  agreeable  one  to  every  attendant  upon  the  * 'Association." 

Besoli^d,  That  the  Secretary  of  this  Board  forward  a  copy  of  this  pre- 
amble and  resolution  to  Mr.  Grote,  Secretary  of  our  Society  of  Natural 
Sciences,  who  is  now  at  Detroit,  attending  the  annual  session  of  said 
Association. 

Yours  truly, 

William  Thurstone,  Secretary. 


The  General  Session  then  adjourned  to  meet  in  sections. 

The  Fourth  Day's  session  was  held  in  the  Opera  House  commencing  at 
10  o'clock,  A.  M. 

Four  persons  were  recommended  to  membership  by  the  Standing  Com- 
mittee and  elected,  and  the  session  then  adjourned  to  meet  in  sections. 

In  Section  A.,  Professor  T.  C.  Mbndbnhall  was  chosen  Secretary  in 
place  of  Prof.  Langlry,  who  was  obliged  to  leave. 

The  afternoon  was  devoted  to  an  excursion  on  the  Biver. 
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The  Fifth  Day*8  session  was  held  on  Monday,  in  the  Opera  House,  com- 
mencing at  10  A.  M. 

The  General  Secretary  read  the  names  of  nine  persons,  recdmmended 
to  membership  by  the  Standing  Committee,  and  they  were  elected. 

He  also  announced  that  the  Nominating  Committee  recommended  the 
Association  to  meet  next  year  in  Buffalo,  upon  the  23d  of  August,  and 
read  a  list  of  officers  nominated  for  the  next  meeting  by  the  same 
committee. 

On  the  recommendation  of  the  Standing  Committee  the  following 
preamble  and  resolution  were  passed : — 

WhereaSf  The  Smithsonian  Institution  and  the  Indian  Bureaus  are  now 
forming  a  large  collection  illustrative  of  the  archaeology  and  ethnology  of 
North  America,  which  will  constitute  a  department  of  the  United  States 
Centennial  Exhibition  at  Philadelphia. 

Besolved,  That  the  American  Association  for  the  Advancement  of  Science 
invite  the  International  Congress  of  Prehistoric  Archaeologists  to  hold 
a  meeting,  in  the  year  1876,  in  the  United  States,  at  some  locality  which 
may  be  hereafter  designated,  and  at  such  time  as  will  not  Interfere  with 
the  meeting  of  this  or  of  other  simillar  Scientific  Associations. 

On  behalf  of  President  Baunard,  Prof.  H.  A.  Nkwton  read  a  report 
of  the  Committee  on  Weights  and  Mbasukbs.  [The  report  is  printed' in 
part  first,  p.  19.] 

Tho  report  of  the  Committee  was  accepted  and  adopted  and  the  Com- 
mittee continued. 

Resolutions  proposed  by  this  Committee  and  recommended  by  the  Stand- 
ing Committee  were  then  adopted.     [See  p.  24.] 

The  Committee  to  Memorialize  the  Legislature  of  New  York  for 
A  New  Survey  of  Niagara  Falls,  made  no  report.  The  Committee 
was  continued  and  requested  to  report  in  writing  at  the  next  meeting  of 
the  Association. 

The  Committee  to  Report  on  the  Best  Method  of  Organizing  and 
Conducting  State  Geological  Surveys  had  no  report  to  offer  and  was 
discharged. 

The  Committee  to  Memorialize  Congress  in  Relation  tq  a  Geolog- 
ical Map  of  the  United  States  made  a  verbal  statement  through  Prof. 
A.  WiNCHELL.  The  statement  was  received  and  the  Committee  was 
discharged. 

The  Committee  on  thk  Elizabeth  Thompson  Donation,  having  made 
its  report  at  the  previous  session,  the  report  was  accepted,  the  thanks 
of  the  Association  voted  for  the  efficiency  with  which  it  had  completed  Its 
work,  and  the  Committee  was  discharged. 

The  Committee  to  Report  on  the  Principles  of  Nomenclature 
made  a  verbal  report  of  progress  through  t)r.  J.  L.  LeConte,  who  hoped 
*  that  a  complete  report  might  be  prepared  by  another  year.    The  report 
was  accepted  and  the  Committee  continued. 

The  Committee  to  Memorialize  Congress  and  State  Legislatures 
Regarding  the  Cultivation  of  Timber  and  the  Preservation  of 
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FoRRSTS  made  a  yerbal  report  through  Mr.  F.  B.  Hough.    The  Report 
was  accepted  and  the  Committee  continued. 

Mr.  W.  H.  H.  Russell  offered  a  resolution  appointing  a  Committee  to 
prepare  a  list  of  the  libraries  and  scientific  associations  of  the  country. 
Referred  to  the  Standing  Qommittce. 

The  Association  then  adjourned  to  meet  in  Sections. . 

Sect.  A  and  the  Subsection  of  Chemistry  completed  the  reading  of 
papers  on  Monday,  and  adjourned.  The  Subsection  of  Chemistry,  first 
electing  Prof.  G.  F.  Barker,  of  Philadelphia,  as  Chairman  for  the  ensu- 
ing' year,  passed  a  resolution  requesting  the  Chairman  to  prepare  an 
address  for  the  opening  session. 

Tlie  Sixth  and  last  Day*s  session  commenced  at  10  a.  m.,  at  the  Opera 
House. 

Upon  the  recommendation  and  nomination  of  the  Standing  Committee, 
nine  persons  were  chosen  members,  and  forty-three  members  were  chosen 
fellows  of  the  Association. 

The  Association  then  proceeded  to  the  election  of  ofilcers  for  the  ensu- 
ing year,  and  the  following  gentlemen  were  chosen : — 

President^  William  B.  Rogers,  of  Boston. 
Vice  Presidejit,  Section  A  ,  Charles  A.  Young,  of  Hanover. 
Vice  President  J  Section  B.^  Edward  S.  Morse,  of  Salem. 
General  Secretary ^  Thomas  C.  Mexdenhall,  of  Columbus. 
Secretary  of  Section  A,,  Arthur  W.  Wright,  of  New  Haven. 
*  Secretary  of  Section  2?.,  Albert  H.  Tuttlb,  of  Columbus. 
Treasurer,  Thomas  T.  BouvA,  of  Boston. 

The  Association  next  approved  the  recommendation  of  the  Standing 
Committee  to  accept  the  invitations  to  hold  its  next  meeting  at  Buffalo^ 
commencing  August  23,  1876. 

The  GeneAl  Secretary  announced  that  the  Standing  Coftimittee  recom- 
mended the  Association  not  to  pass  the  resolution  ofi*ered  by  Mr.  Russell 
at  the  last  session,  and 'this  recommendation  was  approved. 

On  motion  of  Prof.  Barker,  the  thanks  of  the  Association  were  voted 
to  the  State,  City  and  other  authorities  inviting  the  Association  to  meet 
next  year  at  Nashville.  The  Secretary  was  directed  to  transmit  these 
thanks  to  the  proper  authorities,  with  the  assurance  that  the  Association 
would  desire  to  hold  the  invitations  open  for  acceptance  at  a  future  time. 

The  General  Session  was  then  adjourned. 

Section  B  met  during  the  day  in  subsections  only.  The  officers  of  the 
Section  held  the  same  position  in  the  Subsection  of  Biology,  Prof.  E.  D. 
Cope  having  been  chosen  Chairman  of  the  Section  on  the  departure  of 
Vice  President  Dawson. 

In  the  Subsection  of  Geology,  Prof.  A.  Winchell  was  called  to  the  chair, 
and  Mr.  C.  G.  Wheeler  chosen  Secretary.  Both  subsections  completed 
the  reading  of  their  papers  In  the  afternoon  session. 
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By  consent  of  Section  6,  a  subsection  was  organized  to  consider  the 
advisability  of  forming  a  Permanent  Subsection  of  Anthropology.  Hon. 
L.  H.  Morgan  was  elected  Chairman,  and  Mr.  F.  W.  Putnam,  Secretary. 
The  question  was  decided  affirmatively,  and  Hon.  L.  H.  Morgan  of 
Rochester,  was  elected  as  Chairman  for  the  ensuing  year,  and  Prof.  £.  T. 
Cox,  Dr.  N.  TowNSKND,  Col.  Chas.  Whittlesky,  and  Messrs.  Charles 
Rau  and  F.  W.  Putnam,  were  chosen  a  Committee  to  invite  persons 
interested  in  the  work  of  the  subsection  to  attend  the  meeting  next  year. 

A  closing  general  Session  was  held  the  same  evening,  in  the  Cirouit 
Court  Room,  City  Hall,  at  which  four  papers  were  read,  two  of  them  by 
title  and  two  by  their  authors,  after  which  the  following  votes  of  thanks, 
were  passed  by  the  Association : — 
Offered  by  Prof.  E.  D.  Cope  : 

Sesolved,  That  the  thanks  of  the  Association  are  due* to  the  members  of 
the  Local  Committee  for  their  attention  to  the  interests  of  the  members 
of  the  Association  in  procaring  for  them  many  essential  facilities,  and 
especially  to  Messrs.  Woolfenden,  Stearns,  Holmes,  Muir,  Andrews,  and 
Sill,  as  having  contributed  to  the  success  of  the  Detroit  meeting. 
Offered  by  Mr.  F.  W.  Putnam  : 

Hesolvedf  That  the  members  of  the  Association  are  deeply  indebted  to 
the  Citizens  of  Detroit,  and  especially  to  the  authorities  in  charge,  for 
the  use  of  the  several  rooms  in  the  City  Hall  building,  which  have  been  so 
cordially  placed  at  the  disposal  of  the  Association,  and  have  proved  so 
convenient  for  its  present  meeting.  Also  to  the  members  of  the  Local 
Cbmmittee  for  the  use  of  the  Opera  House  in  which  many  of  the  sessions 
have  been  held,  and  to  the  several  officers  of  the  city  who  have,  at  great 
inconvenience  to  themselves,  allowed  their  offices  to  be  used  for  the  pur- 
poses of  the  Association. 
Offered  by  Mr.  E.  B.  Elliott  : 

*  Besolvedy  That  the  cordial  thanks  of  the  Association  be  tendered  to  the 
Detroit  Scientlflc  Association  for  the  very  important  services^which  it  has 
rendered  to  the  members  of  this  Association  during  the  session  now  clos- 
ipg,  and  especially  for  the  generous  reception  and  entertainment  given  to 
them  at  its  new  and  beautiful  rooms  on  Wednesday  last. 
Offered  by  Prof.  E.  S.  Morse: 

Hesolcedf  That  the  thanks  of  the  Association  be  presented  to  Mr.  and 
Mrs.  E.  A.  BrUvSh,  and  to  his  excellency  Governor  J.  J.  Bagley,  for  the 
large  hospitality  generously  extended  to  all  its  members. 
Offered  by  Prof.  F.  W.  Clarke  : 

Sesolved,  That  the  thanks  of  the  Association  are  due  to  Mr.  and  Mrs. 
A.  W.  Leggett  for  the  kind  reception  tendered  by  them  to  its  members ; 
and  for  the  pleasant  entertainment  provided  at  their  residence. 
Offered  by  Prof.  E.  T.  Cox : 

Hesolved,  That  the  thanks  of  this  Association  are  hereby  tendered  to 
the  Excursion  Committee,  and  especially  to  Messrs.  W.  G.  Thompson, 
G.  W.  Bissell  and  J.  W.  ThoApson,  for  the  success  which  attended  their 
efforts  in  providing  us  with  excursions  of  scientiflc  and  social  characters. 
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Offered  by  Pjrof.  E.  T.  Cox : 

JSesolvedf  That  the  thanks  of  this  Association  be  extended  to  the  Com- 
mandant of  Fort  Wayne,  and  through  blm  to  the  Band  of  the  22d  Regi- 
ment of  Infantry,  U.  S.  A.,  which  volunteered  its  services  daring  Satordi^s 
excursion. 
Offered  by  Mr.  J.  D.  Warner  : 

JSesolved,  That  the  thanks  of  the  Association  be  tendered  to  Hon.  H.  P. 
Baldwin  for  his  courtesy  in  opening  his  valuable  art  collection  for  inspec- 
tion. 
Offered  by  Mr.  G.  M.  Wix'bER : 

Sesolved,  That  a  vote  of  thanks  be  given  to  the  Detroit  Fire  Commis- 
sioners, to  the  officers  of  the  House  of  Correction,  to  Messrs.  E.  B.  Smith 
&  Co.,  and  the  Detroit  Young  Men's  Society  for  their  kind  invitations  to 
visit  their  several  places,  and  for  the  generous  hospitality  extended  to  the 
members  of  the  Association. 
Offered  by  Rev.  J.  G.  Morris  : 

Besolvedy  That  the  thanks  of  the  Association  are  due  and  are  hereby 
tendered  to  the  proprietors  of  the  following  establishments  for  their 
courteous  invitations  to  visit  them  and  inspect  their  various  processes : — 
Wyandotte  Silver  Smelting  Works,  Detroit  and  Lake  Superior  Copper 
Smelting  Co.,  Detroit  and  Lake  Superior  Iron  Co.,  Detroit  Gas  Light  Co., 
Detroit  Locomotive  Works,  Detroit  Stove  Works. 
Offered  by  Rev.  J.  G.  Morris  : 

Besolvedj  That  thanks  are  due  to  Mr.  N.  W.  Clarke  for  his  invitation 
to  visit  his  Fish  Breeding  Establishment  at  Northville. 
Offered  by  Mr.  J.  D.  Warner  : 

JSesolvedy  That  the  thanks  of  the  Association  are  due  to  Mr.  J.  M.  Max- 
well, proprietor  of  the  Biddle  House,  for  earnest  endeavors  to  please  and 
accommodate  the  members,  and  also  for  the  generous  offer  of  rooms  for 
committees  of  the  Association.  ^ 

Offered  by  Prof.  G.  F.  Barker  : 

Resolved,  That  the  thanks  of  the  Association  be  tendered  to  the 
Central  and  Pacific  Lake  Co.,  for  the  facilities  which  they  have  extended 
to  its  members  to  visit  Duluth  and  Lake  Superior. 

Offered  by  Mr.  W.  H.  H.  Russell  : 

Resolved,  That  the  thanks  of  the  Association  are  hereby  extended  to  the 
press  of  Detroit,  its  faithful  representatives,  and  the  other  representa- 
tives of  the  press  from  abroad,  for  the  full,  satisfactory,  able  and  generous 
reports  given  of  the  proceedings  of  this  meeting,  and  that  a  copy  of  the 
printed  proceedings  of  the  Detroit  meeting  be  furnished  by  the  Permanent 
Secretary  to  each  paper  represented. 
Offered  by  W.  H.  H.  Russell  : 

Resolved,  That  the  thanks  of  the  Association  are  hereby  extended  to 
the  Academy  of  Sciences  of  Philadelphia,  and  the  Centennial  Board  of 
Finance  of  the  International  Exhibition  of  1876,  for  the  invitations  ex- 
tended to  the  Association  to  hold  its  next  meeting  in  Philadelphia. 
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You  have  referred,  sir,  to  the  brief  time  within  which  your  Common- 
wealth has  grown  to  Us  present  condition.  In  explanation  of  the  prepon- 
derance of  material  Interests  heretofore  and  of  the  disparity  in  the 
deyelopment  of  scientific  interests  as  compared  with  older  communities. 
But  when  we  look  at  the  grand  organization  at  work  In  this  State  for  the 
higher  education  of  the  people,  we  may  rest  assured  that  in  less  than  two 
generations  that  disparity  will  have  disappeared,  for  the  boys  and  girls 
who  are  receiving  the  higher  culture  of  the  present  day  at  your  univer- 
sities will  feel  the  delight  of  seeking  out  the  ways  of  the  Creator,  and  of 
advancing  step  by  step  in  the  comprehension  of  the  laws  he  has  Impressed 
upon  nature. 

Again,  let  us  thank  yon  for  your  kind  welcome. 

The  General  Secretary,  Mr.  Samuel  H.  Scuddbr,  read  the  names  of 
forty  persons  recommended  for  membership  by  the  Standing  Committee, 
and  they  were  elected. 

Invitations  were  read  f^om  the  Young  Men's  Society,  the  Detroit  Gas 
Light  Company,  and  the  Superintendent  of  the  House^  of  Correction,  and 
referred  to  the  Standing  Committee. 

A  letter  was  also  read  from  the  Secretary  elect  of  Section  B,  Prof.  N.  S. 
Shalkr,  regretting  his  Inability  to  attend  the  meeting. 

The  Permanent  Secretary,  Mr.  F.  W.  Putnam,  announced  the  decease 
of  six  members  during  the  year :  —  John  E.  Gavit  of  New  York,  Dr. 
Theodore  C.  Hilgard  of  St.  Louis,  Prof.  Joseph  Winlock,  Director  of 
the  Observatory  of  Harvard  College,  Sir  William  £.  Logan  of  Canada, 
Prof.  Jeffries  Wtman  of  Harvard  College,  and  Wiluam  £.  Whitman  of 
Philadelphia. 

The  General  Secretary  read  a  list  of  seventy-six  members  proposed  for 
fellowship  by  the  Standing  Committee,  and  they  were  elected. 

The  Association  then  elected  Professors  £.  S.  Morse,  E.  B.  Elliott, 
E.  T.  Cox,  G.  J.  Brush,  G.  F.  Barker  and  S.  W.  Johnson  members-at- 
large  of  the  Standing  Committee. 

Prof.  A.  WiNCHELL,  whose  name  had  been  omitted  f^om  the  list  of 
nominees  for  this  office,  because  it  did  not  appear  upon  the  printed  list  of 
fellows,  explained  that  he  had  Indicated  a  year  previously,  in  a  letter  to 
the  Permanent  Secretary,  his  desire  to  become  a  fellow  In  accordance 
with  the  last  clause  of  the  fourth  section  of  the  constitution ;  but  that 
the  Secretary  appeared  not  to  have  received  the  letter.  Whereupon  it 
was  voted  that  Professor  Wlnchell's  explanation  be  accepted  and  his 
name  placed  upon  the  list  of  fellows. 

The  recommendation  of  the  Standing  Committee  that  the  dally  recess 
should  extend  Arom  12.30  to  2.30  p.  m.  was  adopted. 

In  the  afternoon  the  Association  met  in  sections. 

Section  A  met  In  the  Circuit  Court  Room,  City  Hall,  and  was  called  to 
order  by  Vice  President  Prof.  A.  H.  Newton  of  Yale  College,  the  Sec- 
retary, Prof.  S.  P.  Langlet  of  Allegheny,  Pennsylvania,  in  attendance. 
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Professors  G.  F.  Barker,  T.  C.  Mekdenhall  and  W.  H.  Chandler  were 
chosen  members  of  the  Sectional  Committee. 

Sbctton  B  met  in  tlie  Opera  House,  and  was  called  to  order  by  Vice 
President,  Principal  J.  W.  Dawson.  The  Secretary,  Professor  N.  S. 
Shaeer,  being  absent.  Professor  £.  S.  Morse  was  chosen  to  fill  his  place, 
and  Professor  E.  D.  Cope,  Key.  J.  G.  Morris  and  Professor  C.  V.  Riley 
were  elected  as  a  Sectional  Committee,  i 

The  Permanent  Subsection  of  Chemistry  met  in  the  Common  ConncU 
'Chamber,  City  Hall,  and  was  called  to  order  by  the  Chairman,  Professor 
S.  W.  Johnson  of  Tale  College.  Professor  F.  W.  Clarke  of  Cincinnati 
was  chosen  Secretary. 

The  Second  Day's  session  was  opened  in  the  Opera  House  at  10  a.  m. 

The  General  Secretary  read  the  names  of  twenty-three  persons  recom- 
mended to  membership  by  the  Standing  Committee  and  they  were  elected. 

Professor  E.  S.  Morse  having  been  elected  Secretary  of  Section  B,  re- 
signed his  position  as  member-at-large  of  the  Standing  Committee,  and 
Professor  F.  W.  Clarke  was  chosen  in  his  place. 

Invitations  received  Arom  the  Wyandotte  Silver  Smelting  Works,  and 
the  Detroit  and  Lake  Superior  Copper  Smelting  Works,  were  referred  to 
the  Standing  Committee. 

The  General  Sessions  then  adjourned,  and  the  Sections  immediately 
assembled  for  the  reading  of  papers. 

In  Section  A.,  Messrs.  G.  W.  Hough  of  Albany,  H.  T.  Eddy  of  Cincin- 
nati, H.  C.  Bolton  of  New  York,  and  J.  N.  Stockwell  of  (Jleaveland; 
and  in  Section  B,  Messrs.  A.  R.  Grote  of  Buffalo,  A.  H.  TurrLE  of  Co- 
lumbus, E.  D.  Cope,  of  Philadelphia,  and  L.  H.  Morgan  of  Bochester, 
were  elected  members  of  the  Nominating  Committee. 

At  8  p.  M.  the  address  of  the  retiring  President,  Dr.  J.  L.  LeConte,  was 
delivered  before  the  Association,  in  General  Session,  at  the  Opera  House. 

The  Third  Day's  session  was  held  in  the  Opera  House,  commencing  at 
10  o'clock. 

The  General  Secretary  read  a  list  of  eleven  persons  recommended  to 
membership  by  the  Standing  Committee  and  they  were  duly  elected. 

The  following  resolution  offered  at  the  instance  of  the  Entomological 
Club  of  the  Association,  and  recommended  for  passage  by  the  Standing 
Committee  was  adopted : 

Besolved: — ^That  the  Association  earnestly  request  the  State  authorities 
of  the  different  States  of  the  Union,  as  well  as  the  officers  in  the  respective 
departments  of  the  National  Government  to  ftirnish  the  library  of  the 
Association  with  all  their  printed  reports  upon  scientific  subjects*  by  re- 
mitting them  to  the  Permanent  Secretary. 

Invitations  received  to  visit  the  Fish  Breeding  establishment  at 
Northville,  the  Detroit  Stove  Works,  the  Detroit  Locomotive  Works,  and 
two  paintings  by  the  late  Mr.  J.  M.  Stanley,  were  referred  to  the  Standing 
Committee. 
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• 

The  Permanent  Secretary  annoanced,  on  behalf  of  the  Committee  on 
the  Elizabeth  Thompson  Donation,  that  the  entire  sum  had  been  expen- 
ded in  the  publication  of  a  quarto  memoir  on  Fossil  Butterflies,  of  one 
hundred  pages  and  three  plates,  by  Mr.  S.  H.  Scudder. 

The  Association  then  listened  to  the  addresses  of  Professor  H.  A.  New- 
ton and  Dr.  J.  W.  Dawson,  Vice  Presidents  of  Sections  A  and  B. 

The  General  Secretary  read  the  following  invitations  which  had  been 
received  for  the  meeting  in  1876  from  Nashville,  Philadelphia  and  Buffalo. 


DEPARTMENT  OF  PUBLIC  INSTRUCTION. 


Officb  op  the  State  Superintendent, 
Nashville,  Tenn.,  August  6,  1875. 


WiiEEEAS,  At  the  Meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science  held  at  Newport,  August,  1860,  an  invitation  was 
accepted  to  hold  its  next  annual  meeting  at  Nashville,  Tennessee;  and 
whereas  said  meeting  was  prevented  from  being  held  by  hindrances  of 
Civil  War,  now  then,  we  the  undersigned,  citizens  of  Nashville  and  of 
Tennessee,  do  respectfully  and  cordially  invite  the  said  great  National 
Association  to  hold  its  next  meeting  in  the  Capitol  of  Tennessee.  We 
pledge  our  earnest  endeavors  to  make  the  meeting  here  in  every  way  a 

success. 

Ja8.  D;  Poster,  Governor  of  Tennessee, 

Ghas.  N.  Gibus,  Secretary  of  State. 

Jas.  L.  Qaines,  Comptroler. 

W.  Morrow,  Treasurer. 

Leon  Trousdau:.  State  Suftt.  Public  Instruction. 

W.  R.  Hamby,  Adjutant  General. 

J.  B.  KILI.EBRKW,  Comr.  of  Agr.  Statistics  and  Mines. 

Jambs  M.  Safford.  State  Geologist. 

J.  Berrien  Lindsley,  Sec'y  Slate  Board  of  Education. 

E.  KiRBY  Smith,  Chancellor  University  of  Xashville. 

Robt.  a.  Young,  Sec.  Bd.  TV.  Vanderhilt  University. 

Morton  B.  Howell,  Mnf/or  of  Xashville. 

E.  W.  Cole,  Pres.  N.  C.  A  St.  Louis  Bailway. 

.J.  G.  M.  Ramsey,  M.  D.,  Pres,  Tenn.  His.  Soc 

To  F.  W.  Putnam,  Secretary  A.  A.  A*  S. 


Signed  by :  ^ 


INTERNATIONAL  EXHIBITION,  PHILADELPHIA. 

Centennial  Board  of  Finance,  J 
Philadelpbla,  July  22,  1875.     5 
Prof.  J.  E.  Hiloard, 

Presiilent  Amer.  Asso.  Ad^.  of  Sci.^  Washimgtom,  D.  C. 
My  Dear  Sir:— Aubrey  H.  Smith,  Esq.,  called  on  us  yestenUy  on 
behalf  of  Professors  LeConte,  Cope  and  himself  to  say  that  your  Society 
wUl  meet  at  Detroit,  Michigan,  on  the  11th  of  August  ncxt»  and  to  so^- 
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gest  that  this  city  should  be  selected  as  the  place  for  holding  the  annual 
meeting  of  1876. 

In  this  suggestion  we  most  heartily  concur,  and  hope  that  such  a  reso- 
lution will  be  adopted.  We  shall  cordially  welcome  you,  and  aid,  as  far 
as  may  be  in  our  power,  to  make  the  visit  agreeable  to  your  members  and 
to  afford  the  Society  accommodations  for  holding  its  meetings  and  giving 
effect  to  its  deliberations.  We  hope  that  during  our  Exhibition  we  shall 
have  representative  bodies  in  attendance  who  will  by  their  meetings,  dis- 
cussions and  publications,  illustrate  the  progress  of  the  World  in  the  Idst 
century  in  all  the  departments  of  Education,  Scieiu^e,  Art  and  Manufac- 
tures, so  as  to  make  our  Centennial  a  permanent  land  mark  In  the  World's 
history. 

We  have  no  doubt  that  as  our  several  scientific  and  literary  bodies  hold 
their  autumnal  meetings,  they  will  pass  resolutions  assuring  your  Society 
of  a  hearty  welcome  to  this  city,  and  making  such  arrangements  for  Its 
accommodation  as  the  importance  of  the  occasion  will  demand. 

I  am,  respectfully  and  truly  yours, 

Fred.  Fraley,  Sec. 


Philadelphia,  Aug.  4,  1875. 
Prof.  F.  W.  Putnam, 

Permanent  Secretary  of  the  A.  A.  A.  S, 

Dear  Sir  : — Please  find  enclosed  a  resolution  of  the  Academy  of  Natural 
Sciences  of  this  city,  extending  an  invitation  to  the  Am.  Asso.  Adv. 
Science  to  hold  Its  next  annual  meeting  In  Philadelphia. 

Yours  very  truly, 

£.  D.  Cope, 

Corresp.  Seer.  Acad.  Nat.  Sci.  Fhila. 


Academy  of  Natural  Sciences,  > 
Philadelphia,  July  29,.  1875.     3 

Edw.  D.  Cope, 

Corresponding  Sec.  A.  JV.  S.  Phila. 

Sir  :  — At  the  meeting  of  the  Academy  held  July  27,  it  was  unanimously 
Rksolved, — That  the  Academy  of  Natural  Sciences  of  Philadelphia, 

cordially  Invite  the  American  Association  for  the  Advancement  of  Science 

to  meet  In  Philadelphia  in  1876. 
Will  you  please  notify  the  Secretary  of  the  Association  of  this  action 

on  the  part  of  the  Academy. 

Yours  truly, 

Edward  J.  Nolan, 

Bee.  Sec.  A.  N.  S.  Phila. 


846  EXBOUnVE  PBOCSBDINaS. 

Buffalo  Socibtt  of  Natural  Scibncbs. 

At  the  regular  meetlDg  of  this  Society  held  Jaly  9,  1875,  the  Fresidentt 
Hon.  George  W.  Clinton,  offered  the  following : 

Whereas,  This  Society  is  confident  that  the  session  in  this  city,  in 
1876,  of  the  American  Association  for  the  Advancement  of  Science,  would 
be  even  more  productive  than  that  of  1866,  of  pleasure  to  our  citizens, 
and  of  benefit  to  science.    Therefore 

Resolved,  That  this  Society  do  most  respectftilly  request  the  Associa- 
tion to  designate  Buffalo  as  the  place  for  its  meeting  next  year. 

I  hereby  certify  that  the  above  is  a  true  copy  of  Resolution  passed  by 
the  Society  July  9th,  1875. 

Pascal  P.  Beales, 

Becording  Secretary. 


At  a  Meeting  of  the  Executive  CoMMrrTES  of  the  Young  Men's 
Association  of  the  City  of  Buffalo,  held  on  the  14th  day  of 
July,  1875. 

Upon  motion  the  following  resolution  was  unanimously  adopted : 
Resolved,  That  this  Association  most  cordially  unites  in  requesting 
the  American  Association  for  the  Advancement  of  Science  to  select  our 
City  as  the  place  of  its  meeting  for  the  ensuing  year;  and  it  hereby 
pledges  its  best  efforts  to  ensure  an  agreeable  session  for  all  concerned. 
Resolved,  That  the  Corresponding  Secretary  cause  these  resolutions 
to  be  engrossed  and  forwarded  to  the  Association  for  presentation  at  its 
approaching  meeting. 

Franklin  D.  Locke, 

President, 


In  Common  Council, 
Buffalo,  July  19,  1876 


.} 


Communication  from  His  Honor  the  Mayor: 

The  Buffalo'  Society  of  Naturaf  Sciences  having  resolved  to  request  the 
American  Association  for  the  Advancement  of  Science  to  hold  its  annual 
sessions  in  this  City  next  year. 
I  recommend  that  the  Council  unite  in  the  invitation. 

RespectAilIy  submitted, 

[Signed]    L.  P.  Dayton,  Mayor. 

Received  and  Filed. 

Whereupon  Alderman  Zlnk  offered  the  following  resolution  and  moved 
its  adoption :  — 

The  Buffalo  Society  of  Natural  Sciences  having  resolved  to  request  the 
American  Association  for  the  Advancement  of  Science  to  hold  Its  session 
for  1876  in  this  city,  now  therefore ; 
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Resolved,  That  the  proposed  action  of  the  society  is  cordially  ap- 
proved, and  that  the  Council  will,  so  far  as  it  may,  cooperate  with  the 
Society,  iftid  with  all  our  good  citizens,  in  making  the  session  of  1876,  if 
held  here,  pleasant  to  the  members  of  the  Association  for  the  Advance- 
ment of  Science,  and  promotion  of  its  objects. 

Adopted. 

I  hereby  certify  that  the  above  is  a  true  copy  of  a  communication  from 
His  Honor,  the  Mayor,  submitted  to  the  Common  Council,  July  19,  1875, 
and  that  the  resolution  following  it  was  duly  adopted. 

R.  D.  Ford, 


Buffalo,  July  27, 1876. 


City  Clerk. 


Buffalo  Board  of  Trade,  > 
Buffalo,  Auq.  18,  1875.     i 

Augustus  B.  Grote,  Esq., 

Detroit,  Mich. 

Dear  Sir: — At  a  meeting  of  the  members  of  the  Buffalo  Board  of 
Trade  held  this  morning,  Cyrus  Clarke,  Esq.,  President,  in  the  chair,  the 
following  preamble  and  resolution  was  offered  by  Alonzo  Richmond,  Esq., 
and  unanimously  adopted :  — 

Whereas,  We  notice  that  the  Society  of  Natural  Sciences  of  our  city 
has  resolved  to  invite  the  * 'American  Association  for  the  Advancement  of 
Science"  to  hold  its  next  annual  meeting  at  Buffalo  in  1876,  therefore  be  it 

Besolvedt  That  we,  as  a  Board  of  Trade,  cordially  cooperate  in  this 
invitation,  and  shall  be  pleased  to  unite  in  making  the  session  of  1876  a 
most  agreeable  one  to  every  attendant  upon  the  ''Association." 

Besolt^^dj  That  the  Secretary  of  this  Board  forward  a  copy  of  this  pre- 
amble and  resolution  to  Mr.  Grote,  Secretary  of  our  Society  of  Natural 
Sciences,  who  is  now  at  Detroit,  attending  the  annual  session  of  said 
Association. 

Tours  truly, 

William  Thurstonk,  Secretary. 


The  General  Session  then  ac^ourned  to  meet  in  sections. 

The  Fourth  Day's  session  was  held  in  the  Opera  House  commencing  at 
10  o'clock,  A.  M. 

Four  persons  were  recommended  to  membership  by  the  Standing  Com- 
mittee and  elected,  and  the  session  then  adjourned  to  meet  in  sections. 

In  Section  A.,  Professor  T.  C.  Mendenhall  was  chosen  Secretary  in 
place  of  Prof.  Langley,  who  was  obliged  to  leave. 

The  afternoon  was  devoted  to  an  excursion  on  the  River. 
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The  Fifth  Pay's  session  was  held  on  Monday,  in  the  Opera  Hoase,  com- 
mencing at  10  A.  M. 

The  General  Secretary  read  the  names  of  nine  persons,  recommended 
to  membership  by  the  Standing  Committee,  and  they  were  elected. 

He  also  announced  that  the  Nominating  Committee  recommended  the 
Association  to  meet  next  year  in  Buffalo,  upon  the  23d  of  August,  and  • 

read  a  list  of  officers  nominated  for  the  next  meeting  by  the  same 
committee. 

On  the  recommendation  of  the  Standing  Committee  the  following 
preamble  and  resolution  were  passed : — 

WhereaSf  The  Smithsonian  Institution  and  the  Indian  Bureaus  are  now 
forming  a  large  collection  Illustrative  of  the  archseology  and  ethnology  of 
North  America,  which  will  constitute  a  department  of  the  United  States 
Centennial  Exhibition  at  Philadelphia. 

Besolved,  That  the  American  Association  for  the  Advancement  of  Science 
Invite  the  International  Congress  of  Prehistoric  Archaeologists  to  hold 
a  meeting,  In  the  year  1876,  In  the  United  States,  at  some  locality  which 
may  be  hereafter  designated,  and  at  such  time  as  will  not  interfere  with 
the  meeting  of  this  or  of  other  simillar  Scientific  Associations. 

On  behalf  of  President  Baunard,  Prof.  H.  A.  Newton  read  a  report 
of  the  CoMMiTTUE  ON  WEIGHTS  AND  MEASURES.  [The  report  is  printed' in 
part  first,  p.  19.] 

The  report  of  the  Committee  was  accepted  and  adopted  and  the  Com- 
mittee continued. 

Resolutions  proposed  by  this  Committee  and  recommended  by  the  Stand- 
ing Committee  were  then  adopted.     [See  p.  24.] 

The  Committer  to  Memokializb  the  Legislature  of  New  York  for 
A  New  Survey  of  Niagara  Falls,  made  no  report.  The  Committee 
was  continued  and  requested  to  report  in  writing  at  the  next  meeting  of 
the  Association. 

The  Committee  to  Report  on  the  Best  Method  of  Organizing  and 
Conducting  State  Geological  Surveys  had  no  report  to  otfer  and  was 
discharged. 

The  Committee  to  Memorialize  Congress  in  Relation  tp  a  Geolog- 
ical Map  of  the  United  States  made  a  verbal  statement  through  Prof. 
A.  Winchell.  The  statement  was  received  and  the  Committee  was 
discharged. 

The  Committee  on  ths  Elizabeth  Thompson  Donation,  having  made 
its  report  at  the  previous  session,  the  report  was  accepted,  the  thanlcs  , 

of  the  Association  voted  for  the  efficiency  with  which  it  had  completed  its  i 

work,  and  the  Committee  was  discharged. 

The  Committee  to  Report  on  the  Principles  of  Nomenclature 
made  a  verbal  report  of  progress  through  Dr.  J.  L.  LeConte,  who  hoped 
*  that  a  complete  report  might  be  prepared  by  another  year.    The  report 
was  accepted  and  the  Committee  continued. 

The  Committee  to  Memorialize  Congress  and  State  Legislatures 
Regarding  the  Cultivation  of  Timber  and  the  Preservation  of 
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FoRRSTS  made  a  verbal  report  through  Mr.  F.  B.  Houon.    The  Report 
was  accepted  and  the  Committee  contloued. 

Mr.  W.  II.  H.  Russell  offered  a  resolution  appointing  a  Committee  to 
prepare  a  list  of  the  libraries  and  scientific  associations  of  the  country. 
Referred  to  the  Standing  Qommlttce. 

The  Association  then  adjourned  to  meet  in  Sections. . 

Sect.  A  and  the  Subsection  of  Chemistry  completed  the  reading  of 
papers  on  Monday,  and  adjourned.  The  Subsection  of  Chemistry,  first 
electing  Prof.  G.  F.  Barker,  of  Pliiladelphla,  as  Chairman  for  the  ensu- 
ing year,  passed  a  resolution  requesting  the  Chairman  to  prepare  an 
address  for  the  opening  session. 

The  Sixth  and  last  Day*s  session  commenced  at  10  a.  m.»  at  the  Opera 
House. 

Upon  the  recommendation  and  nomination  of  the  Standing  Committee, 
nine  persons  were  chosen  members,  and  forty-three  members  were  chosen 
fellows  of  the  Association. 

The  Association  then  proceeded  to  the  election  of  officers  for  the  ensu- 
ing year,  and  the  following  gentlemen  were  chosen  : — 

Presidenty  William  B.  Rogers,  of  Boston. 
Vice  President^  Scctioji  A  ,  Ciiaulks  A.  YouNO,  of  Hanover. 
Vice  President,  Section  B.,  Edward  S.  Mouse,  of  Salem. 
General  Secretary,  Thomas  C.  Mendeniiall,  of  Columbus. 
Secretary  of  Section  A.,  Ainiiuu  W.  Wright,  of  New  Haven. 
•  Secretary  of  Section  B.,  Albert  H.  Tuttle,  of  Columbus. 
Treasurer,  Thomas  T.  BouvA,  of  Boston. 

The  Association  next  approved  the  recommendation  of  the  Standing 
Committee  to  accept  the  Invitations  to  hold  its  next  meeting  at  Buffalo^ 
commencing  August  23,  187G. 

The  GeneAl  Secretary  announced  that  the  Standing  Coftimlttee  recom- 
mended the  Association  not  to  pass  the  resolution  offered  by  Mr.  Russell 
at  the  last  session,  andthls  recommendation  was  approved. 

On  motion  of  Prof.  Barker,  the  thanks  of  the  Association  were  voted 
to  the  State,  City  and  other  authorities  inviting  the  Association  to  meet 
next  year  at  Nashville.  The  Secretary  was  directed  to  transmit  these 
thanks  to  the  proper  authorities,  with  the  assurance  that  the  Association 
would  desire  to  hold  the  invitations  open  for  acceptance  at  a  future  time. 

The  General  Session  was  then  adjourned. 

Section  B  met  during  the  day  In  subsections  only.  The  officers  of  the 
Section  held  the  same  position  in  the  Subsection  of  Blologj',  Prof.  E.  D. 
Cope  having  been  chosen  Chairman  of  the  Section  on  the  departure  of 
Vice  President  Dawso.v. 

In  the  Subsection  of  Geology,  Prof.  A.  Winciiell  was  called  to  the  chair, 
and  Mr.  C.  G.  Wheeler  chosen  Secretary.  Both  subsections  completed 
the  reading  of  their  papers  in  the  afternoon  session. 
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By  consent  of  Section  B,  a  subsection  was  organized  to  consider  the 
advisability  of  forming  a  Permanent  Snbftcctlon  of  Anthropology.  Hon. 
L.  H.  Morgan  was  elected  Chairman,  and  &fr.  F.  W.  Putnam,  Secretary. 
The  question  was  decided  affirmatively,  and  Hon.  L.  H.  Morgan  of 
Rochester,  was  elected  as  Chairman  for  the  ensning  year,  and  Prof.  £.  T. 
Cox,  Dr.  N.  TowNSEND,  Col.  Cbas.  WHirTLESKT,  and  Messrs.  Charles 
Hau  and  F.  W.  Putnam,  were  chosen  a  Committee  to  invite  persons 
interested  In  the  work  of  the  subsection  to  attend  the  meeting  next  year. 

A  closing  general  Session  was  held  the  same  evening  In  the  Cironlt 
Court  Room,  City  Hall,  at  which  four  papers  were  read,  two  of  them  by 
title  and  two  by  their  authors,  after  which  the  following  votes  of  thanks, 
were  passed  by  the  Association : — 
Offered  by  Prof.  E.  D.  Cope  : 

liesolted,  That  the  thanks  of  the  Association  are  due*to  the  members  of 
the  Local  Committee  for  their  attention  to  the  Interests  of  the  members 
of  the  Association  In  procuring  for  them  many  essential  facilities,  and 
especially  to  Messrs.  Woolfenden,  Stearns,  Holmes,  Muir,  Andrews,  and 
Sill,  as  having  contributed  to  the  success  of  the  Detroit  meeting. 
Oifered  by  Mr.  F.  W.  Putnam  : 

Beaolved,  That  the  members  of  the  Association  are  deeply  indebted  to 
the  Citizens  of  Detroit,  and  especially  to  the  authorities  in  charge,  for 
the  use  of  the  several  rooms  in  the  City  Hall  building,  which  have  been  so 
cordially  placed  at  the  disposal  of  the  Association,  and  have  proved  so 
convenient  for  its  present  meeting.  Also  to  the  members  of  the  Local 
Cbmmittee  for  the  use  of  the  Opera  House  in  which  many  of  the  sessions 
have  been  held,  and  to  the  several  officers  of  the  city  who  have,  at  great 
inconvenience  to  themselves,  allowed  their  offices  to  be  used  for  the  pur- 
poses of  tlie  Association. 
Offered  by  Mr.  E.  B.  Elliott  : 

*  Resolved,  That  the  cordial  thanks  of  the  Association  be  tendered  to  the 
Detroit  ScientiQc  Association  for  the  very  important  services. which  it  has 
rendered  to  the  members  of  this  Association  during  the  session  now  clos- 
ing, and  especially  for  the  generous  reception  and  entertainment  given  to 
them  at  its  new  and  beautiful  rooms  on  Wednesday  last. 
Offered  by  Prof.  E.  S.  Morse  : 

Hesohedf  That  the  thanks  of  the  Association  be  presented  to  Mr.  and 
Mrs.  E.  A.  Brush,  and  to  his  excellency  Governor  J.  J.  Bagley,  for  the 
large  hospitality  generously  extended  to  all  its  members. 
Offered  by  Prof.  F.  W.  Clarke  : 

Resolvedj  That  the  thanks  of  the  Association  are  due  to  Mr.  and  Mrs. 
A.  W.  Leggett  for  the  kind  reception  tendered  by  them  to  its  members ; 
and  for  the  pleasant  entertainment  provided  at  their  residence. 
Offered  by  Prof.  E.  T.  Cox : 

Resolved,  That  the  thanks  of  this  Association  are  hereby  tendered  to 
the  Excursion  Committee,  and  especially  to  Messrs.  W.  G.  Thompson, 
G.  W.  Bissell  and  J.  W.  Thompson,  for  the  success  which  attended  their 
efforts  in  providing  us  with  excursions  of  scientific  and  social  characters. 
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Offered  by  P/of.  E.  T.  Cox : 

Besolved,  That  the  thanks  of  this  Association  be  extended  to  the  Com- 
mandant of  Fort  Wayne,  and  through  him  to  the  Band  of  the  22d  Regi- 
ment of  Infantry,  U.  S.  A.,  which  volunteered  its  services  during  Saturday's 
excursion. 
Offered  by  Mr.  J.  D.  "Warner  : 

Sesolvedy  That  the  thanks  of  the  Association  be  tendered  to  Hon.  H.  P. 
Baldwin  for  his  courtesy  in  opening  his  valuable  art  collection  for  inspec- 
tion. 
Offered  by  Mr.  G.  M.  Wilder  : 

Besolvedf  That  a  vote  of  thanks  be  given  to  the  Detroit  Fire  Commis- 
sioners, to  the  officers  of  the  House  of  Correction,  to  Messrs.  E.  B.  Smith 
&  Co.,  and  the  Detroit  Young  Men's  Society  for  their  kind  invitations  to 
visit  their  several  places,  and  for  the  generous  hospitality  extended  to  the 
members  of  the  Association. 
Offered  by  Rev.  J.  G.  Morris  : 

Hesolvedf  That  the  thanks  of  the  Association  are  due  and  are  hereby 
tendered  to  the  proprietors  of  the  following  establishments  for  their 
courteous  invitations  to  visit  them  and  inspect  their  various  processes  :— 
Wyandotte  Silver  Smelting  Works,  Detroit  and  Lake  Superior  Copper 
Smelting  Co.,  Detroit  and  Lake  Superior  Iron  Co.,  Detroit  Gas  Light  Co., 
Detroit  Locomotive  Works,  Detroit  Stove  Works. 
Offered  by  Rev.  J.  G.  Morris  : 

Sesolvedf  That  thanks  are  due  to  Mr.  N.  W.  Clarke  for  his  invitation 
to  visit  his  Fish  Breeding  Establishment  at  Northville. 
Offered  by  Mr.  J.  D.  Warner  : 

Resolved,  That  the  thanks  of  the  Association  are  due  to  Mr.  J.  M.  Max- 
well, proprietor  of  the  Biddle  House,  for  earnest  endeavors  to  please  and 
accommodate  the  members,  and  also  for  the  generoos  offer  of  rooms  for 
committees  of  the  Association.  ^ 

Offered  by  Prof.  G.  F.  Barker  : 

Besolved,  That  the  thanks  of  the  Association  be  tendered  to  the 
Central  and  Pacific  Lake  Co.,  for  the  facilities  which  they  have  extended 
to  its  members  to  visit  Duluth  and  Lake  Superior. 

Offered  by  Mr.  W.  H.  H.  Russell  : 

Jiesolved,  That  the  thanks  of  the  Association  are  hereby  extended  to  the 
press  of  Detroit,  its  faithful  representatives,  and  the  other  representa- 
tives of  the  press  from  abroad,  for  the  full,  satisfactory,  able  and  generous 
reports  given  of  the  proceedings  of  this  meeting,  and  that  a  copy  of  the 
printed  proceedings  of  the  Detroit  meeting  be  furnished  by  the  Permanent 
Secretary  to  each  paper  represented. 
Offered  by  W.  H.  H.  Russell  : 

Hesolvedj  That  the  thanks  of  the  Association  are  hereby  extended  to 
the  Academy  of  Sciences  of  Philadelphia,  and  the  Centennial  Board  of 
Finance  of  the  International  Exhibition  of  1876,  for  the  invitations  ex- 
tended to  the  Association- to  hold  its  next  meeting  in  Philadelphia. 
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There  being  no  ftirther  busiiiess,  President  Hiloard  addressed  the 
Association  as  follows : — 

Ladies  and  Gentlemen  :  Before  pronouncing  the  final  adjoarnment 
of  the  Detroit  Meeting  of  the  American  Association  for  the  Advancement 
of  Science,  I  will  avail  myself  of  the  privilege  of  the  chair  to  make  some 
remariss  in  review  of  the  session  we  have  just  completed.  We  have  all 
of  us  observed  that  In  point  of  the  number  of  members  in  attendance,  the 
meeting  has  fallen  somewhat  below  the  average,  and  this  for  reasons  to 
which  I  will  presently  advert;  but  in  point  of  the  quality  of  the  com- 
munications received,  and  the  scientific  standing  of  those  in  attendance, 
the  meeting  must  be  pronounced  an  unqualified  success. 

Besides  our  esteemed  colleague,  the  President  of  the  past  year,  who  has 
given  us  so  interesting  and  profound  an  address,  four  of  our  past  presi- 
dents have  been  in  attendance  and  have  made  important  communications. 

The  new  feature  of  our  constitution  which  requires  each  Vice  President, 
as  chairman  of  a  Section,  to  make  an  address,  has  been  productive  of 
admirable  results,  and  the  communications  fl'om  members  generally  have 
comprised  new  and  weighty  matter,  giving  evidence  of  great  mental 
activity  during  the  past  year.  The  volume  of  the  proceedings  of  the 
Detroit  meeting  will  not  be  inferior  in  value  to  any  of  its  predecessors, 
and  will  excel  many  in  quality  if  not  in  bulk. 

As  to  the  number  of  members  in  attendance,  it  must  be  born  in  mind 
that  many  of  our  colleagues  are  prevented  by  the  angitstce  res  domi  from 
incurring  the  expense  of  attending  a  meeting  held  at  a  great  distance 
from  their  homes;  the  votaries  of  science  in  this  country,  being  for  the 
most  part  hardworked  and  ill-paid  professors  in  colleges.  There  are, 
moreover,  at  this  time  special  preoccupations  which  prevent  some  of  our 
most  valued  members  from  being  with  us.  Our  venerable  Nestor,  Pro- 
fessor Heni*y,  has  wiitten  us  w^ords  of  sympathy,  and  explains  his  absence 
by  his  being  engaged  in  making  extended  experiments  on  sound,  in 
relation  to  fog-signals.  These  experiments  he  is  conducting  as  chairman 
of  the  Light  House  Board,  aided  by  a  staff  of  officers  and  two  steamers, 
and  it  is  of  course  impossible  for  hlra  to  Interrupt  this  work.  Similarly 
the  U.  S.  Fish  Commission,  which  necessarily  pursues  Its  researches  in 
summer,  withdraws  from  us  the  presence  of  numerous  naturalists.  The 
summer  schools  of  science  recently  established,  several  geological  state 

• 

surveys,  and  the  geological  and  geographical  surveys  of  the  territories, 
keep  away  from  our  meetings  many  members  who  formerly  would  have 
found 'time  to  attend  them.  They  are,  however,  all  gathering  a  wealth  of 
new  material,  and  science  is  clearly  the  gainer  by  this  state  of  things, 
however  much  we  may  regret  the  loss  of  their  friendly  presence. 

So  much  for  the  scientific  aspect  of  the  meeting  which  is  now  drawing 
to  its  close.  Its  social  aspect  is  equaljy  satisfactory,  having  been  marked 
by  great  harmony  and  cordiality  among  the  members.  Views  of  extreme 
divergence  have  been  discussed  with  dispassionate  courtesy,  and  the  best 
feeling  has  prevailed  throughout.    Under  our  new  rules,  which  give 
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larger  powers  to  the  Standing  Committee,  the  formal  basiness  of  the 
session,  which  before  encroached  so  largely  upon  our  time,  has  been 
dispatched  with  ease,  and  at  future  sessions,  when  only  one  election  for 
fellowships  will  require  to  be  held,  the  gain  will  be  still  more  apparent. 

How  sensible  the  members  of  the  Association  are  of  the  hearty  welcome 
they  have  received  fh>m  the  Local  Committee,  ft'om  the  Scientific  Society 
of  Detroit,  and  flrom  the  leading  men  of  this  beautiful  and  prosperous 
city,  has  been  so  fhlly  and  feelingly  expressed  In  their  votes  of  thanks  and 
the  utterances  which  accompanied  them,  as  to  leave  nothing  for  me  but 
to  say  that  I  most  heartily  join  In  the  sentiments  expressed,  and  In  now 
closing  this  session,  to  bid  our  Detroit  friends  an  affectionate  farewell* 

Wm«  p.  Wklls,  Esq.,  on  behalf  of  the  citizens  of  Detroit,  made  a  brief 
response  in  which  he  eloquently  assured  the  members  of  the  Association 
how  fhlly  the  citizens  of  Detroit  appreciated  the  value  of  the  meeting  to 
them,  and  expressed  the  hope  that  It  would  not  be  many  years  before  the 
city  would  again  welcome  the  Association. 

The  President  then  declared  the  Association  adjourned  to  meet  at 
Buffalo,  N.  Y.,  August  23,  1876. 

SAMUEL  H.  SCUDDER, 

Oenerdl  Secretary. 

A.  A.  A.  8.  VOL.  XXiy.     B.  (23) 


854  xxscunYE  proceedings. 


REPORT  OF  THE  PERMANENT  SECRETARY. 

The  following  cash  account  embraces  tHe  period  from  August  8,  1874, 
to  August  4,  1875,  including  the  Hartford  Meeting  and  closing  Just  prior 
to  that  of  Detroit.  It  will  be  noticed  that  no  extraordinary  expenses 
were  incurred  during  the  year,  and  that  those  of  publication,  owing  to 
the  smaller  size  of  the  Hartford  volume  than  its  predecessor,  and  the 
non-appropriation  for  engraving,  were  considerably  less  than  for  the 
previous  year.  The  other  current  expenses  were  also  reduced,  so  that  the 
income  for  the  year  has  been  sufficient  to  reduce  the  outstanding  debt  of 
the  Association  to  ^137.25,  while  at  the  same  time  $182.00,  received  from 
the  commutation  of  assessments  of  Life  Members,  has  been  placed  as  a 
nucleus  for  a  fUnd  for  the  encouragement  of  original  research  in  accord- 
ance with  the  provisions  of  the  new  Constitution  of  the  Association. 

The  general  work  at  the  office  of  the  Permanent  Secretary  is  annually 
increasing,  and  now  requires  the  special  and  constant  attention  of  an 
Assistant,  who  has  been  employed  at  the  expense  of  the  Secretary  during 
the  year. 

The  Treasurer  has  reported  that  the  permanent  fbnds  in  his  charge 
amounted,  on  November  80,  1874,  with  accrued  interest,  to  $1,652.81. 

The  account  of  the  receipts  and  expenditures  of  the  Thompson  Fund 

is  herewith  annexed. 

F.  W.  Putnam, 

Permanent  Secretary. 
Salem,  August  4,  1875. 

STATEMENT  OP  THOMPSON  FUND  ACCOUNT. 

Oct.  8, 1873.    Received  Qrom  Mrs.  Elizabeth  Thompson,  cash $500  00 

July  2, 1874.          "          «•        «i              «              «<              « 600  00 

Aug.  1, 1875.          "       interest  on  above                          <* OS  8S 

Aug.  2, 1875.         "        advanced  by  Salem  Press 86  76 

$1,190  09 

EXPENSES  OF  FBINTINO  MR.  SCUDDBR'S  MEMOIR  OX  FOSSIL  BUTTERFUBS, 

901  COPIES,  4T0.,  as  FOLLOWS : 

Dec.  10, 1874.  Paid  for  photographing  on  wood $12  00 

Jan.  14, 1875.  "     "  freight  on  box  to  Paris 7  88 

Jan.  14,  "  '«     "   wood       1 60 

Jan.  22,  "  "     "  engraving  on  wood 54  60 

Feb.    S,  "  '*    Mr.  Scudder,  sundry  expenses 23  65 

Feb.  10,  «  «   for  engraving  and  printing  plates 161  07 

June  26,  **  "     "  duty  on  plates  Ax>m  Paris 42  21 

June  26,  *<  "  "  express  charges,  Custom  charges,  etc.    .    •  20  25 

Aug.   2,  ^  '*     "  postage  on  proofis 1  11 

"       »«  "  "     "  composition 812  22 

"       "  "  "     "  extra  corrections  (88  h.) 44  00 

"       "  "  "  "  82  reams  and  16  quires  of  paper     ....  287  00 

"      "  "  "     "  extra  paper  for  10  copies  . 4  60 

"       "  "  "     "  press  work  (30  forms) 120  00 

"       "  «  "     «*  covers  and  binding 88  70 

$1,130  09 
F.  W.  Putnam, 

For  the  Committte  an  the  Thompson  Fund. 
Salem,  Aug.  4, 1875. 
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STOCK  ACCOUNT  OF  THE  PERMANENT  SECRETARY. 

During  the  past  month  it  became  necessary  to  remove  the  office  of  the 
Association  firom  the  room  in  the  Mnseam  building,  in  Salem,  to  new 
quarters.  A  much  larger,  lighter,  and  in  every  way  superior  room  for 
the  purpose,  was  found  over  the  Mercantile  Bank,  in  the  **Bank  building" 
No.  7  Central  Street,  Salem,  for  which  the  same  rent  is  to  be  paid  as 
heretofore. 

In  making  the  change  it  was  deemed  advisable  to  put  a  large  number  of 
the  stock  of  back  volumes  in  boxes,  and  opportunity  was  thus  given  to 
make  a  carefhl  recount  of  all  the  stock  on  hand.  Forty-five  copies  of 
volumes  (fortunately  of  those  of  which  there  are  the  largest  number  of 
copies)  which  had  become  discolored  and  decayed  Arom  dampness  in  their 
place  of  storage  many  years  ago,  were  condemned.  It  was  also  found 
that  the  error  in  former  counts  of  the  copies  of  volumes  on  hand  was  two 
hundred  and  forty-three,  making  it  necessary  to  deduct  two  hundred  and 
eighty-eight  copies  fh>m  the  sum  total  carried  over  as  on  hand  at  the  last 
account. 
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The  library  of  the  Association  Is  yearly  increaslDg  in  size.  A  manu- 
script catalogue  has  been  prepared  of  the  twelve  hundred  volumes,  parts 
of  volumes  and  pamphlets  now  belonging  to  the  library,  and  as  soon  as 
advantage  can  be  taken  of  the  proposed  general  catalogue  of  similar 
publications  to  be  issued  by  the  libraries  of  Boston,  Cambridge  and 
Salem,  a  printed  catalogue  will  be  furnished  to  members  in  order  to 
give  them  the  benefits  which  suggested  the  formation  of  the  Association 
Library. 

F.  W.  Putnam, 

Fermanent  Secretary. 
Salem,  June  2^,  1876. 


INDJEX. 


Page 

Act  of  Incorporation xviii 

Address  of  J.  W.  Dawson,  Vice  President,  Section  B B     8 

John  L.  LeContO)  Retiring  President 1 

— — H.  A.  Newton,  Vice  President,  Section  A * 29 

Alkaloids  in  Crystalline,  Comparative  Deteiminations  of. 114 

Alleghany  Coal-field,  Comparison  between  the  Ohio  and  West  Virginia  sides  of  B    84 

Allen,  Charles  H.,  Demonstraflon  of  Locomotion  in  the  larvie  of  Uie  GSstridse  B  230 

American  Association  for  the  Advaneement  of  Science,  Meetings  and  Officers  of  xri 

American  Association  of  Geologists  and  Naturalists,  Meetings  and  Officers  of. .  zv 

Ancient  Men  of  the  Great  Lakes B  816 

Andrews,  £.  B.,  Comparison  between  the  Ohio  and  West  Virginia  sides  of  the 

Alleghany  Coal-field B    84 

— New  and  Interesting  Coal  Plants  Itom  Ohio. B  106 

Anthropology,  Subsection  of. '. b  350 

Archteological  Notes  A-om  Wyoming B  292 

Arts  of  Subsistence B  274 

Asteriods,  Distribution  of  the 74 

Barker,  George  F.,  Title  of  paper  read 121 

Barnard,  W.  S.,  Observations  on  Development  of  Didelphys  Virglniana B  145 

— Observations  on  Membral  Musculation  of  Simla  satyrus  (Orang) 

and  the  comparative  Myology  of  Man  and  the  Apes B  121 

Protozoan  Studies B  240 

Baseline  Measurement,  three  times  repeated,  in  the  U.  S.  Coast  Survey 87 

Batrachia  and  Eeptilia,  Distribution  of,  in  North  America B  197 

Beal,  W.  J. ,  Carni vorous  Plants B  251 

Inequilateral  Leaves B  254 

Title  of  paper  read B  332 

Venation  of  a  few  Odd  Leaves • B  265 

Bleaching  Wings  of  Lepidoptera,  Method  of,  to  facilitate  the  Study  of  their 

Venation B  228 

Bradley,  L.,  Title  of  paper  read 123 

Brooks,  W.  K.,  Embryology  of  Fresh- water  Mussels B  238 

Bross,  William,  Title  of  paper  read B  333 

Bufl'alo,  Invitation  from B  346 

■              Meeting,  Local  Committee  for xiil 

Officersfor xiii 

Cape  Breton,  New  and  Interesting  Insects  A'om  the  Carboniferous  of. B  110 

Carbon  Determinations  in  Iron  and  Steel 107 

Carnivorous  Plants B  251 

Carpenter,  Philip  P.,  Primary  Divisions  of  the  Chitonidse B  236 

Cash  Account  of  Permanent  Secretary B  355 

Catalogue  of  Library  of  Association B  857 

Chemistry  of  Three  Dimensions 99 

Chitonid»,  Primary  Divisions  of. ..- ••  B  236 


860  INDEX. 

'Page 

Clarke,  F.  W.,  Chemistry  of  Three  DimenBions 99 

Titles  of  papers  read v 121,191 

Coal  Plants  fW>m  Ohio,  New  and  Interestiog B  106 

Cofilnberry,  W.  L.  and  £.  A.  Strong.    Notes  upon  some  Explorations  of  An- 

cient  Mounds  in  the  Vicinity  of  Grand  Rapids,  Michigan B  298 

Coinage  and  Money  of  Account,  Subsidiary  Principle  Applied  to 87 

Committee,  Local,  for  BulTalo  Meeting zir 

: of  Detroit  Meeting xl 

Committees,  Reports  of. 19 

Special xU 

Communications,  Titles  of ; B  833 

Comstock,  Theo.  B.,  Archteological  Notes  fh>m  Wyoming .,. .  b  298 

..^ Formation  of  Geyserite  Pebbles  in  Pools  Adjacent  to  the 

Geysers  of  the  Yellowstone  Park -. B   97 

; Hot  Springs  and  Geysers  and  other  Topics  Illustrating  the 

,       Scientillc  Value  of  the  Yellowstone  Park B   97 

• —  ■  Observations  on  the  Structure  and  &abits  of  Utricularla 

vulgaris  (camiyorou's  ?  plant). B  286 

■■  Title  of  Paper  read B  334 

Congress  of  Prehistoric  Archaologists,  Resolution  In  relation  to B  848 

Constitution  of  the  Association xix 

Coordinates,  Watson's,  Problems  in 41 

Cope,  £.  D.,  Distribution  of  Batrachia  and  Ileptilia  in  North  America B  197 

— Titles  of  Papers  read B  332,  B  334 

Cox  £.  T.,  Titles  of  Papers  read 128,  B  333 

CusickjC.C,  Titleof  Paper  read B  338 

Dawson,  J.  W.,  Some  New  Specimens  of  Fossil  Protozoa  fVom  Canada B  100 

Vice  President,  Address  of. .• B     8 

Deceased  Members xlix,  b  842 

Detroit  Meeting,  Executive  Proceedings  of. B  335 

History  of. B  335 

— ~~—  ^^—  Local  Committee  of xi 

Officers  of. ix 

Persons  elected  at xlviii 

Devonian  Outcrops  in  Michigan  and  Ohio,  Parallelism  of. B    43 

Didelphys  Virginiana,  Development  of. B  145 

Dimmock,  George,  Method  of  Bleaching  Wings  of  Lepidoptera  to  facilitate  the 

Study  of  their  Venation B  228 

Distribution  of  the  Asteroids 74 

Drift  Deposits  of  the  Northwest,  Vegetable  Remains  in. B   48 

Election  of  Officers  for  Buffalo  Meeting B  349 

Electricity,  Velocity  of,  New  Method  of  Measuring 36 

Elliott,  E.  B.  Subsidiary  Principle  applied  to  Coinage  and  Money  of  Account. .  87 

Titleof  Paper  read  121 

Embryology  of  Fresh*water  Mubsels B  238 

Ethnical  Periods B  266 

Executive  Proceedings  of  Detroit  Meeting.. B  335 

Explorations  of  Ancient  Mounds  in  the  Vicinity  of  Grand  Itapids,  Michigan....  B  293 

Explorations  of  Mounds  near  Davenport,  Iowa b  297 

Farquharson,  R.  J.,  Recent  Explorations  of  Mounds  near  Davenport,  Iowa. ...  B  297 

Fellows xl 

Ferrel,  Wm.,  Title  of  Paper  read 121 

Filtration,  Rapid  and  Automatic,  with  Description  of  Apparatus 


INDEX.  361 

Page 

Florida,  Indian  Mounds  and  Shellheaps  of. B  28S 

Fossil  Protozoa  from  Canada,  New  Specimens  of. B  100 

Freeman,  H,  C,  Title  of  Paper  read B 


Gases,  Improvement  in  Bnnsen's  Method  for  Specific  Gravity  of. 112 

Various,  Method  of  Exhibiting  by  Projection  the  Difference  of  Velocity 

of  Waves  in 89 

General  Secretary,  Beport  of. B  339 

Geological  Map  of  Michigan,  Rectification  of. B     3 

Geology  of  the  Southern  Counties  of  New  York  and  a<^acent  parts  of  Pennsyl- 
vania; especially  with  reference  to  the  Age  and  Stracture  of^the  Catskill 

Mountain  Range ».  B    80 

Geyserite  Pebbles,  Formation  of,  in  Pools  Adjacent  to  the  Geysers  of  the  Yel- 
lowstone Park B   97 

GiUman,  Henry,  The  Ancient  Men  of  the  Great  Lakes b  316 

Glacial  Action  upon  the  Summit  of  Mt.  Washington,  N.  H ^  92 

Glacial  Epoch,  Effect  of,  upon  the  Distribution  of  Insects  in  North  America. ...  B  223 

Gopher,  Striped,  Hibernation  as  exhibited  in. 3  148 

Great  Lakes,  Ancient  Men  of. B  316 

Grote,  A.  R.,  and  Adolph  Kay ser,  Are  Potato-bugs  Poisonous  ? B  226 

Effect  of  the  Glacial  Epoch  upon  the  Distribution  of  Insects  in 

North  America B 


Hall,  James,  Greology  of  the  Southern  Counties  of  New  York  and  adjacent  parts 
of  Pennsylvania;  especially  with  reference  to  the  Age  and  Structure  of 

the  Catskill  Mountain  Range.. B    80 

Hedrick,  B.  S.,  Requisite  Amount  of  Simple  Friction  of  S<^it  Iron  against  Cold 

Steel  to  Melt  it 40 

Hibernation,  as  exhibited  in  Striped  Gopher b  148 

Hilgard,  J.  £.,  Account  of  a  Baseline  Measurement,  three  times  repeated,  in  the 

U.  S.  Coast  Survey 87 

Remarks  by B  852 

Reply  to  Address  of  Welcome  by B  842 

Hill,  Thomas,  Problems  in  Watson's  Coordinates 41 

History  of  Detroit  Meeting ^ B  839 

Hitchcock,  C.  H.,  Existence  of  Glacial  Action  upon  the  Summit  of  Mt.  Wash- 
ington, N.  H B    92 

Hot  Springs  and  Geysers  and  other  Topics  Illustrating  the  Scientific  Value  of 

the  Yellowstone  Park B    97 

Hough,  Franklin  B.,  Title  of  paper  read 123 

Hougli,  G.  W.,  Title  of  paper  read 122 

Hoy,  P.  R.,  Hibernation  as  exhibited  in  Striped.  Gopher B  148 

Hyatt,  James,  Periodicity  in  Vegetation B  257 

Indian  Burial  Mounds  and  Shellheaps  near  Pensacola,  Florida ,.  b  282 

Inequalities  of  Long  Period  in  Moon's  Motion 50 

Inequilateral  Leaves B  254 

Insects,  Effect  of  the  Glacial  Epoch  upon  the  Distribution  of,  in  North  America  B  222 

—  Injurious  to  Agriculture,  Method  of  Subduing b  202 

—  are  they  any  material  aid  to  plants  in  fertilization b  243 

New  and  Interesting,  flrom  the  Carboniferous  of  Cape  Breton B  110 

Invitation  Arom  Bufftdo,  N.  Y B  840 

— — Nashville,  Tenn B  344 

Philadelphia,  Pa , b  344 

Iowa  County  Meteor 71 


862  IKDEX. 

Page 

Johnson,  S.  W.,  Titles  of  papers  read 122 

Kayser,  Adolph,  and  A.  R.  Grote,  Are  Potato-bugs  Poisonous  ? B  226 

Kirkwood,  Daniel,  Distribution  of  tlie  Asteroids  74 

Lake  Superior,  Physical  Geology  of. .* B   00 

I^angley ,  John  W.,  Carbon  Determinations  in  Iron  and  Steel 107 

liangley,  S.  P.,  Solar  Atmo^^phere,  Introduction  to  an  Account  of  Researches 

made  at  the  Allegheny  Observatory 78 

IieConte,  John  L.,  Address  of. 1 

Method  of  Subduing  Insects  Injurious  to  Agriculture. .......  B  202 

Leeds,  Albert  R..  Title  of  Paper  read « 121 

lieonard,  N.  R.,  Iowa  County  Meteor 71 

liOpidoptera,  Method  of  Bleaching  Wings  of. B  228 

•Library  of  Association,  Catalogue  of. B  857 

— ^— Resolution  concerning • B  843 

liocal  Committee  for  Buffalo  Meeting.... ziv 

of  Detroit  Meeting ; xi 

Siocust Plague;  how  to  avert  it *.  b  215 

Locusts  as  Food  for  Man B  208 

Lovering,  Joseph,  New  Method  of  Measuring  Velocity  of  Electi'icity. 85 

Halone,  D.  R.,  Title  of  Paperread B  832 

Han,  Comparative  Myology  of. b  112 

M eehan,  Thomas,  Are  Insects  any  material  aid  to  plants  in  fertilization B  243 

Meetings  and  Officers  of  the  American  Association  for  tlie  Advancement  of 

Science .^ xvi 

Meetings  and  Officers  of  the  American  Association  of  Geologists  and  Natu- 
ralists   XT 

Members z  xviii 

Deceased xlix.  B  342 

^— ■^—  Life / xxvili 

Mendenhall,  T.  C,  Improvement  in  Bunsen's  Method  for  Specific  Gravity  of 

Gases 112 

. Method  of  Exhibiting  by  Projection  the  Difference  of  Ve- 
locity of  Waves  iu  Various  Gases 89 

Meteor,  Iowa  County 71 

Meteorological  Instrument 69 

Method  of  Exhibiting  by  Projection  the  Difference  of  Velocity  of  Waves  in 

Various  Gases 39 

Moon^s  Motion,  Inequalities  of  Long  Period  in 60 

Morgan,  L.  H.,  Arts  of  Subsistence B  274 

Ethnical  Periods B  266 

Title  of  Paper  read B  334 

Morse,  Edward  S.,  Title  of  Paperread B  332 

Mounds  near  Davenport  Iowa,  Explorations  of B  297 

Grand  Rapids,  Mich.,  Exploration  of. B  293 

Mussels,  Fresh-water,  Embryology  of B  238 

Nashville,  Tenn.,  Invitation  A:om B  844 

Newbeny,  J.  S..  Titles  of  Papers  read B  332 

Newton,  H.  A.,  Address  of. 29 

Titles  of  Papers  read 121 

North  American  Ganoids,  Amia,  Lepldosteus,  Acipenser,  and  Polyodou B  151 

GEiStridae,  Demonstration  of  Locomotion  in  the  LarvsB  of  the B  230 

Officers  and  Meetings  of  the  American  Association  for  the  Advancement  of 

Science ^... .....^..•...  xri 


IKDSX.  863 

Pac« 

Officers  and  Heeting^  of  the  Amerioan  AjsociaUon  of  Gteologistfl  and  Nata- 

ralists xr 

Officers  for  Buffalo  Meeting..... ziii,  B  8tt 

of  Detroit  Meeting — iz 

— -^-^  Sections,  Detroit  Meeting z 

Ohio,  Ancient  Rock  Inscriptions  in b  264 

Coal  Field,  Physical  Stmctnreof. B   78 

New  and  Interesting  Coal  Plants  flrom b  106 

Order  of  Proceedings  in  Onraniaing  a  Meeting zzyii 

Osborne,  J.  W.,  New  Meteorological  Instrument. 69 


Packard,  A.  S.,  Jr.,  Title  of  Paper  read B 

Patron zzviii 

Permanent  Secretary,  Cash  Account  of. B  866 

— ^— Beportof. B  364 

• Stock  Account  of. ...-. b  866 

Subsection  of  Anthropology B  360 

Persons  elected  at  Detroit xlviii 

Philadelphia,  Pa.,  Invitation  from B  344 

Phillips,  A.  W.,  Title  of  Paper  read 121 

Physical  Geology  of  Lake  Superior B   00 

'■ Structure  of  Ohio  Coal  Field B    78 

Potato-bugs,  are  they  Poisonous  ? B  296 

Prescott,  Albert  B.,  Comparative  Determinations  of  the  Solubilities  of  Alka- 
loids in  Crystalline,  Amorphous  and  Nascent  Conditions ;  Water-washed 

Solvents  being  used « 114 

President,  Remarks  by B  842  B  862 

President's  Address i 

Problems  in  Watson's  Coordinates 41 

Proceedings,  Executive,  of  Detroit  Meeting B  886 

Protozoa,  Fossil,  from  Canada B  100 

Protozoan  Studies B  240 

Putnam,  F.  W.,  History  of  Detroit  Meeting /  B  885 

:- Reports  by,  as  Permanent  Secretary B  864 

Report  of  Committee  on  Weights,  Measures  and  Coinage 10 

General  Secretary B  888 

I                 Permanent  Secretary B  864 

Reports  of  Committees 19 

Reptilia  and  Batrachia,  Distribution  of,  in  North  America « B  197 

Resolution  concerning  Library «..  b  848 

. of  Congress  of  Prehistoric  Archaeologists B  848 

Retiring  President,  Address  of. ' 1 

Riley,  C.  v..  Locust  Plague,-  how  to  avert  it B  216 

Locustb  as  Food  for  Man b206 

Rock  Inscriptions,  Ancient,  in  Ohio B  264 

Scudder,  S.  H.,  New  and  Interesting  Insects  from  the  Carboniferous  of  Cape 

Breton B  110 

. Report  by  General  Secretary ^ B  889 

Section  A,  Vice  President,  Addi-ess  of. 39 

B,yice  President,  Address  of. B     8 

Sections,  Officers  of x 

Simla  satyrus  (Orang)  Membral  Musculation  of,  and  the  comparative  Myology 

of  Manand  theApes B  112 

Smith,  J.  Lawrence,  Titles  of  papers  read 122,  b  888 

Solar  Atmosphere,  Introduction  to  an  Account  of  Researches  made  at  the  Alle- 
gheny Observatory  


I 


_j 


864  INDEX. 

PagB 

Special  Committees '. xii 

Statement  of  Tliompson  Fund  Account.... B  85i 

Sternberg,  6.  M.,  Indian  Burial  Mounds  and  Shellheaps  near  Pensacola,  Florida  B  282 

Stevens,  T.  M.,  Bapl^  and  Automatic  Filtration,  with  Description  of  Apparatus  117 

Stock  Account  of  Permanent  Secretary B  886 

Stockwell,  John  N.,  Inequalities  of  Long  Period  in  Moon's  Motion 50 

Strong,  £.  A.,  and  W.  L.  Coffinberry,  Notes  upon  some  Explorations  of  Ancient 

Mounds  in  the  Vicinity  of  Grand  Bapids,  Mich... B  29S 

Subsection,  Permanent,  of  Anthropology '. B  850 

—  Chemistry,  Papersreadin 90 

Subsistence,  Arts  of. B  274 

Systematio  Method  for  indicating  the  Localities  of  a  Country,  and  for  Bapidly 

Discovering  Places  on  a  Map  by  Means  of  Letters,  or  Symbols,  attached 

to  the  Names  of  Places 47 

Thanks,  Votes  of. B  8S0 

Titles  of  Communications 121,B  883 

Thompson  Fund  Account,  Statement  of. b  854 

Toner,  J.  M.,  Systematic  Method  for  indicating  the  Localities  of  a  Country, 
and  for  Bapidly  Discovering  Places  on  a  Map  by  Means  of  Letters,*  or 

Symbols,  attached  to  the  Names  of  Places 47 

Utricularia  vulgaris  (carnivorous  ?  plant),  Observations  on  the  Structure  and 

Habits  of. B256 

Vegetable  Bemains  in  the  Drift  Deposits  of  the  Northwest B   43 

Vegetation,  Periodicity  in B  257 

Velocity  of  Electricity,  New  Method  of  Measuring 85 

—  Waves  in  Various  Gases,  Method  of  Exhibiting  by  Projection  the 
Difference  of. 89 

Venation  of  a  few  Odd  Leaves B  255 

Vice  President,  J.  W.  Dawson,  Address  of. B     8 

H.  A.  Newton,  Address  of 29 

Votesof  Thanks J B  860 

Walker,  C.  I.,  Address  of  Welcome  by B  839 

Walling,  H.  F.,  Title  of  paper  read 121 

Warren,  S.  Edward,  Title  of  paper  read 121 

Watson's  Colirdinates,  Problems  in 41 

Weights,  Measures  and  Coinage,  Beport  of  Committee  on 19 

Wheildon,  W.  W.,  Title  of  paper  read 128 

Whittlesey,  Charles,  Ancient  Bock  Inscriptions  in  Ohio B  204 

■                   Physical  Greology  of  Lake  Superior B   00 

Physical  Structure  of  the  Ohio  Coal  Field B   78 

Title  of  paper  read B  838 

Wilder,  B.  G.,  Notes  on  the  North  American  Ganoids,  Amia,  Lepidosteus,  Ad- 

penser  and  Polyodon B  161 

Titles  of  papers  read B  833 

Winchell,  Alexander,  Bectiflcation  of  the  Geological  Map  of  Michigan B     8 

Title  of  paper  read B  832 

Winchell,  N.  H.,  Parallelism  of  Devonian  Outcrops  in  Michigan  and  OUiio B   43 

Vegetable  Bemains  in  the  Drift  Deposits  of  the  Northwest B     8 

Wyoming,  Archasologlcal  Notes  from B  298 

Yates,  Lorenzo  G.,  Title  of  paperread B  884 


